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EXECUTIVE SUMMARY 

One of the initial stages in ecological risk assessment for hazardous waste sites is the 
screening of contaminants to determine which of them are worthy of further consideration as 
"contaminants of potential concern." This process is termed "contaminant screening ." It is 
performed by comparing measured ambient concentrations of chemicals to benchmark 
concentrations. Currently, no standard benchmark concentrations exist for assessing contaminants 
in soil with respect to their toxicity to plants. This report presents a standard method for deriving 
benchmarks for this purpose (phytotoxicity benchmarks), a set of data concerning effects of 
chemicals in soil or soil solution on plants , and a set of phytotoxicity benchmarks for 34 
chemicals potentially associated with U.S. Department of Energy (DOE) sites . Chemicals that 
are found in soil at concentrations exceeding both the phytotoxicity benchmark and the 
background concentration for the soil type should be considered contaminants of potential 
concern. 

IX 



1. INTRODUCTION 

An important step in ecological risk assessment is screening the chemicals occurring on a site 
for contaminants of potential concern. Screening may be accomplished by comparing reported 
concentrations in media to a set of toxicological benchmarks. If a chemical concentration or the 
reported detection limit exceeds the screening benchmark, more analysis is needed to determine 
the hazards posed by that chemical (i.e., it is a contaminant of potential concern). If, however, 
the chemical concentration or its detection limit falls below the proposed benchmark, the chemical 
may be ignored during further study unless public concern or ancillary evidence suggest that it 
should be retained . 

The purpose of this report is to present plant tox1c1ty data and discuss their utility as 
benchmarks for determining the hazard to terrestrial plants caused by contaminants in soil . 
Benchmarks are provided for soils and solutions . 

Tests of the toxicity of chemicals in the rooting medium of plants are conducted using a 
variety of rooting media. We have divided them into three categories: soil, solution, and other. 
Tests conducted in natural soils (even when brought into the laboratory, dried , sieved, fertilized, 
etc.) are assumed to be representative of the exposure of plants to contaminants measured in field 
soils . Tests conducted in nutrient solutions are assumed to be representative of exposures of 
plants to contaminants measured in soil solutions (e .g., from lysimeter samples or possibly from 
aqueous extracts of soil) or in very shallow groundwater (e .g. , plants in the vicinity of seeps and 
springs). The other category includes media that are neither soils nor solutions, such as silica 
sand and vermiculite. Data from such studies are not clearly related to any contaminant 
measurements in ambient media. However, they are included in the review for purposes of 
comparison. 

Soil benchmarks are based on data provided only by toxicity studies in either the field or pots . 
The reported toxic concentrations are not all equivalent to concentrations reported from field 
sites. Most of the soil concentrations of metals reported from waste sites are from extractions 
with hydrochloric acid (HCl) or other mineral acids which are intended to provide total 
concentrations. Similarly, concentrations of organic contaminants in waste site soils are total 
concentrations derived from rigorous solvent extractions. In some cases, toxicity tests report 
concentrations extracted from contaminated soils, but various extractants are used that may not 
yield total concentrations. More commonly, the concentrations reported are nominal 
concentrations of a soluble form (i .e., a highly bioavailable form) of the chemical added to soil. 

Solution benchmarks include data from toxicity tests conducted using whole plants rooted in 
aqueous nutrient solutions . Tests are commonly conducted in this manner because plants are 
assumed to be exposed to contaminants in the solution phase of soil and the presence of soil in 
test systems reduces the experimenter's degree of control over exposure. Groundwater samples 
from waste sites are typically acidified before analysis to obtain total concentrations , but some 
samples are filtered before acidification. 

In general, the concentrations in prefiltered samples are likely to be more comparable to the 
concentrations reported from solution toxicity tests and should be used if available. 

1 
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These benchmarks are to serve for contaminant screening only. Plant toxicity may be affected 
by many variables: pH, Eh, cation exchange capacity, moisture content, interactions with other 
elements, and organic matter and clay content of the soil. In addition, different species react to 
different contaminants with varying degrees of toxicity, and the sensitivity of plants may be 
affected by its physiological condition. No systematic tests that thoroughly examine the effects 
of these variables on plant toxicity are known to these authors. An assessor must realize that 
these soil characteristics play a large part in plant toxicity and incorporate these site-specific 
considerations in the evaluation of the potential hazards of a chemical. If chemical concentrations 
reported in field soils that support vigorous and diverse plant communities exceed one or more 
of the benchmarks presented in this report or if a benchmark exceeds background soil 
concentrations , it is generally safe to assume that the benchmark is a poor measure of risk at that 
site . 

2. METHODS 

2.1 DATA 

References on the toxicity of selected chemicals to terrestrial plants were obtained from 
searches of bibliographic data bases (BIOSIS, POL TOX I), a numeric data base (PHYTOTOX), 
review articles, and conventional literature searching . The target was reports of toxicity tests of 
individual chemicals in laboratory, greenhouse, or field settings . 

Data presented in this report were derived mainly from primary sources. Secondary sources 
were used if the primary source cited in the secondary source was unavailable, if only a little data 
for a particular chemical were available, and if secondary sources suggested that a benchmark 
derived from limited primary source material was too high. The general criteria for inclusion of 
a study in the data set used to derive phytotoxicity benchmarks were: 

1. Methodology was clearly stated (especially concentrations of applied chemicals) and followed 
in the experiment. 

2. Results were quantified as measures of plant growth or yield (e.g. , weight, height). M~asures 
of metabolic activity or tissue chemical concentration were used if measures of growth or 
yield were not available for a particular chemical of interest. 

3. Results were presented in numeric form or graphical presentations of data were clearly 
interpretable. 

4 . An unambiguous reduction existed in the measured parameter within the range of applied 
concentrations of the chemical of interest. 

The data selected using these criteria were assigned to the following categories for analysis : 

1. Chemical-The effects of individual chemicals of interest were analyzed. In the case of 
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metals, the metal itself is listed in the "Chemical" field, with the salt listed in the "Form" 
field. For organics, the specific compound is listed in the "Chemical" field, except in the 
case of polychlorinated biphenyl (PCB) for which the specific Aroclor mixture is listed in the 
"Form" field. 

2. Growth Medium-Methodologies were divided into three general groupings of growth media: 

a. Solution: this category includes experiments in which the roots of plants were 
submerged in solutions of variable composition containing the chemical of interest. In 
most studies, plant growth nutrients were added. Solution pH was noted when given. 

b . Soil: this category includes soils derived from field soil profiles, regardless of 
subsequent preparation and experimental location. Soil pH and organic matter content 
were noted when given. Percentage organic carbon was converted to the more 
frequently cited measure of percentage organic matter, by the equation (Nelson and 
Sommers, 1982): 

%organic carbon x 2 = %organic matter 

c. Other: this group is made up of alternative growth media such as pure quartz or silica 
sand, vermiculite, and peat moss. Medium pH was noted when given. 

3. Plant Species-The analysis was limited to terrestrial vascular plants, mainly domestic 
cultivars. Plant growth stages were seed germination and early growth, seedling, or seedling 
to maturity (e.g., grains and vegetables). 

4. Exposure duration-The durations of exposure of the test plants to chemicals of interest 
ranged from 2 to 279 days, with trees generally being exposed longer than plants with shorter 
life spans. 

5. NOEC-The no observed effect concentration (NOEC) is defined here as the highest applied 
concentration of the chemical of interest which gave a reduction of 20 % or less in a measured 
response. 

6. LOEC-The lowest observed effect concentration (LOEC) is defined here as the lowest 
applied concentration of the chemical of interest which gave a greater than 20 % reduction in 
a measured response. In some cases, the LOEC for the test was the lowest concentration 
tested (LCT) or the only concentration tested, as of when the EC50 was reported. 

7. Response parameter-The majority of the responses were oven-dry weights of whole plants 
or their parts. Others included root length, plant height, relative growth rate, grain yield, 
seeds per plant, percent seed germination, and fresh and air-dry weights. Responses other 
than these growth and yield parameters were included only if growth or yield parameters were 
unavailable for a chemical. Transpiration rate, CO2 uptake, and chlorophyll content of 
needles were recorded for methyl mercury; chlorophyll content of needles for mercury also 
was recorded. 
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2.2 SELECTION OF TYPES AND LEVELS OF EFFECTS 

Growth and yield parameters were used for two reasons . First, they are the most common 
class of response parameters reported from phytotoxicity studies thereby using those parameters 
allowed for derivation of reasonably consistent benchmarks for a large number of contaminants . 
Second, growth and yield are ecologically significant responses both in terms of the plant 
populations and the ability of the biota to support higher trophic levels. 

Twenty percent reduction in growth or yield was used as the threshold for significant effects 
to be consistent with other screening benchmarks for ecological risk assessment and with current 
regulatory practice (Suter et al. , 1992) . In brief, most regulatory criteria are based on 
concentrations that cause effects that are statistically significantly different from controls, which 
on average correspond to greater than 20% effects . In addition, regulatory actions may be based 
on comparisons of biological parameters measured on contaminated sites to those from reference 
sites. Differences between sites generally must be greater than 20 % to be reliably detected in 
such studies. Therefore, the 20% effects level is treated as a conservative approximation of the 
threshold for regulatory concern. 

2.3 DERIVATION OF BENCHMARKS 

Because of the diversity of soils, plant species, chemical forms, and test procedures, it is not 
possible to estimate concentrations that would constitute a threshold for toxic effects on the plant 
communities at particular sites from published toxicity data. This situation is analogous to the 
problem of deriving benchmarks for sediments. In this report , the method used for deriving soil 
benchmarks is based on the National Oceanographic and Atmospheric Administration's method 
for deriving the Effects Range Low (ER-L) (Long and Morgan, 1990) which has been 
recommended as a sediment screening benchmark by U.S. Environmental Protection Agency 
(EPA) Region IV. The ER-L is the tenth percentile of the distribution of various toxic effects 
thresholds for various organisms in sediments. 

This approach can be justified by assuming that the toxicity of a chemical in soil is a random 
variate, that the toxicity of contaminated soil at a particular site is drawn from the same 
distribution, and that the assessor should be 90 % certain of protecting plants growing in the site 
soil. Any bias in the data set would mitigate against that assumption. In this implementation of 
the approach, the bias most likely to be significant is the use of soluble salts of metals in the 
toxicity tests which are likely to be more toxic than the mixture of forms encountered in field 
soils. That bias would result in conservative benchmark values . Other possible sources of bias 
include the use of predominately domestic plant species that may not be representative of plant 
species in general, use of predominately agricultural soils which may not be representative of 
soils in general, and the laboratory test conditions which may not be representative of field 
conditions . The direction and magnitude of these potential biases is unknown. 

The phytotoxicity benchmarks were derived by rank ordering the LOEC values and then 
picking a number that approximated the tenth percentile . As with the ER-Ls , statistical fitting 
was not used because there was seldom sufficient data and because these benchmarks are to be 
used as screening values and do not require the consistency and precision of regulatory criteria. 
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If there were 10 or fewer values for a chemical, the lowest LOEC was used. If there were more 
than 10 values, the tenth percentile LOEC value was used. If the tenth percentile fell between 
LOEC values , a value was chosen by interpolation. In all cases, benchmark values were rounded 
to one significant figure . 

Another possible source of benchmark values is values recommended in published reviews 
of the phytotoxicity literature. When primary literature is unavailable for a particular 
contaminant, concentrations identified in reviews as thresholds for phytotoxicity are used as 
benchmarks. In addition, when fewer than three LOEC values were found for a chemical in soil 
or solution, and a toxicity threshold from a review is lower than the lowest LOEC, the toxicity 
threshold is used as the benchmark for that chemical. 

Any scheme for deriving a set of standard ecotoxicological benchmarks is based on 
assumptions that may be questioned by readers . The procedure used here is one that is consistent 
with current regulatory practice and contains a minimum of assumptions or factors . Those who 
care to make other assumptions or to add safety factors may make use of the data presented here 
to calculate their own benchmarks. 

3. RESULTS 

Results of the literature review are summarized in Table 1. Proposed screening benchmarks 
for phytotoxic effects of contaminants in soils and solutions are presented in Table 2. 

4. RECOMMENDATIONS AND CONCLUSIONS 

The values presented in Table 2 are intended for contaminant screening in the hazard 
identification (problem formulation) phase of ecological risk assessments. Chemicals with soil 
concentrations that exceed both the phytotoxicity benchmark for soil and the background soil 
concentration for the soil type, and which may be derived from waste disposal, are contaminants 
of potential concern. Background soil concentrations have been derived for the Oak Ridge 
Reservation and should be generated for other Comprehensive Environmental Response, 
Compensation and Liability Act (CERCLA) sites as well. Similarly, soil solution or shallow 
groundwater concentrations that exceed both the phytotoxicity benchmark for solutions and the 
background water concentration for the aquifer, which may be derived from waste disposal, and 
to which plant roots may be exposed are contaminants of potential concern. 

For baseline ecological risk assessments, and other assessments that may lead to regulatory 
actions, assessors should consult the primary sources of toxicity data and then determine the 
applicability of the data to their specific site. In addition, assessments should not blindly rely on 
laboratory toxicity data. Where phytotoxicity is suspected, phytotoxicity tests should be 
performed with the contaminated soil. In addition, the site should be surveyed for signs of 
phytotoxicity such as inexplicable bare areas, low plant diversity, low plant vigor, or symptoms 
of toxic injury. 
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Table 1. Phytotoxicity data used in the derivation of soil benchmarks (NOEC and LOEC concentrations are mg/kg of the element. 
Duration is measured in days.) 

CHEMICAL GROWTH MEDIUM FOR M SPECIES DURATION NOEC LOEC NOTES GROWfH PARAMETER pH REFERENCE 

Aluminum Soil AICl3 Barley 24 6 12 Dry wgt. rool/shoot 4 Macleod and Jackson. 1967. 

Aluminum Soil AICl3 Darley 24 6 12 Dry wgt. plant 6 Macleod and Jackson. 1967. 

Aluminum Soil AICl3 Barley 24 6 12 Dry wgt. rool/shOOI 4 Macleod and Jackson. 1967. 

Aluminum Solution Al2(S04)3 Asparagus 0.05 0. 13 Dry wgt. rool/shoo< 4.7 Wheeler and Follet. 1991. 

Aluminum Solution Al2(S04)3 Rice 13 0.27 2.7 Dry wgt. rool/shoot Wallace and Romney. Im. 

Aluminum Solution AICl3+Al(NO3)3 Spruce 21 5.4 8. 1 Rel. gwth. rate root 3.8 Goransson and Eldhuset. 1991. 

Aluminum Solution Al2(S04)3 Soybean 13 0.27 2.7 Dry wgt. root/shoot Wallace and Romney. Im. 

Aluminum Solution Al2(S04)3 Lettuce 56 0.9 1.8 Air dry wgt . plant 4.3 McLean and Gilbert. 1927. 

Aluminum Solution Al2(S04)3 Lemon 60 4.8 8.3 Fresh wgt ; root length 4 Lin and Myhre. 1991. 

Aluminum Solution Al2(S04)2 Turnip 77 3.6 7.2 Air dry wgt. shoot 4.3 McLean and Gilbert . 1927. 

Aluminum Solution Al2(S04)3 Rye 70 3.5 LCT Air dry wgt. rOOI 4.5 McLean and Gilbert . 1927. 

Aluminum Solution A12(S04)3 Lcuocc 56 1.8 2.7 Air dry wgt. plant 4.3 McLean and Gilbert. 1927. 

Aluminum Solution Al2(S04)3 Orange 60 4.8 8.3 Fresh wgt ; root length 4 Lin and Myhre . 1991. 

Aluminum Solution Al2(S04)3 Beet 77 1.8 LCT Air dry wgt. plant 4.3 McLean and Gilbert. 1927. 

Aluminum Solution Al2(S04)3 Barley 77 1.8 LCT Air dry wgt. root/shoot 4.3 McLean and Gilbert . 1927. 

Aluminum Solution AICl3+ Al(N03)3 Pinc 21 161.9 269.8 Rel. gwth. rate shoot 3.8 Goransson and Eldhusel. 1991. 

Aluminum Solulion Al2(S04)3 Radish 77 1.8 3.6 Air dry wgt. root/shoot 4.3 McLean and Gilbert . 1927. 

Aluminum Solution AICl3 Barley 30 4 6 Dry wgt. rool/shoot 4.3 Macleod and Jackson. 1967. 

Aluminum Solution Al2(S04)3 Rye 63 1.8 LCT Air dry wgt. root 4.3 McLean and Gilbert . 1927. 

Aluminum Solution AICl3 Douglas fir 279 16 32 Dry wgt. root/lgth. 3.5 Kelljens . 1990. 

Aluminum Solution Al2(S04)3 Lettuce 42 0.54 1.08 Air dry wgt. shoo< 4.3 McLean and Gilbert . 1927. 

Aluminum Solution Al2(S04)3 Beet 126 1.8 LCT Air dry wg1. plant 4.3 McLean and Gi lbert. 1927. 

Aluminum Solution Al2(S04)3 Citrumclo 60 4.8 8.3 Fresh wgl. plant 4 Lin and Myhre . 1991. 

Aluminum Solution Al2(S04)3 Carrot 126 3.6 LCT Air dry wg1. plant 4.3 McLean and Gilbert. 1927. 

Aluminum Solution Al2(S04)3 Carrot 126 3.6 LCT Air dry wg1. plant 4.3 McLean and Gi lbert. 1927. 
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Table 1. (continued) 

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE 

Aluminum Solution Al2(S04)3 Douglas fir 279 4 8 Dry wgl. root 1.S Kelljens . 1990. 

Aluminum Solution Al2(S04)3 Oat 63 3.6 7.2 Air dry wg1. root/shoot 4.3 McLean and Gilbert . 1927. 

Aluminum Solution Al2(S04)3 Squash 26 0. 13 0.27 Ory wgt . root 4.7 Wheeler and Follel. 1991. 

Aluminum Solution Al2(S04)3 Beet 126 1.8 LCT Air dry wgl. plant 0 McLean and Gilbert . 1927. 

Aluminum Solutk>n KAl(S04)2 Rye grass 14 0.63 LCT Lgth. longest root 7 Wong and Bradshaw. 1982. 

Aluminum Solution Al2(S04)3 Citrange 60 0.11 2.7 Root length 4 Lin and Myhre. 1991. 

Aluminum Solution Al2(S04)3 Carrot 126 3.6 LCT Air dry wgl. plant 4 .3 McLean and Gilbert . 1927. 

Aluminum Solution Al2(S04)3 Orange 60 8.3 24.4 Fresh wgt ; root length 4 Lin and Myhre. 1991. 

Aluminum Solution AL2(S04)3 Cabbage 98 7.2 LCT Air dry wgt . pl.mt 4.3 McLean and Gilbe rl. 1927. 

Aluminum Solution Al2(S04)3 Barley 30 8 10 Dry wgl. root/shoot 4.3 Macleod and Jacluon. 1967. 

Aluminum Solution A12(S04)3 Onion 31 0.05 LCT Dry wgl. root/shoot 4.7 Wheeler and Follel. 1991. 

Antimony Surface soil 5 Phytotoxk: Kloke. 1979. 

Arscnk: Black clay As2O3 Soybean 42 22 .4 LCT Dry wgt . shoot Deuel and Swoboda. 1972. 

Arsenic Black clay As203 Cotton 42 67.2 89.6 Dry wgl. shoot Deuel and Swoboda. 1972. 

Arsenic Fine sandy loam As203 Cotton 42 11.2 LCT Dry wgt . shoot Deuel and Swoboda. 1972. 

Arsenic Fine sandy loam As2O3 Soybean 42 11.2 LCT Dry wgl. shoot Deuel and Swoboda. 1972. 

Arsenic Solution 0 .02 LCT Phytotoxic Scharre r. 1955. 

Barium Loam Ba(N03)2 Barley 14 500 LCT Dry wgt. plant Chaudhry, et al. 1977. 

Barium Loam Ba(N03)2 Bush beans 14 100 2000 Dry wgl. plant Chaudhry. et al. 1977. 

Barium Solution 500 LCT Phytotoxic Chapman. 1966. 

Beryllium Solution BeC12 Barley 20 2 LCT Dry wgl. plant 5.3 Romney and Childress. 1965 . 

Beryllium Solution BeCl2 Alfalfa 54 2 4 Dry wgl. plant 5.3 Romney and Childress . 1965 

Beryllium Solution Bean 48 0 .5 LCT Dry wgt . plant 5.3 Romney, et al. 1962. 

Beryllium Solution BeC12 Pea 24 2 LCT Dry wgl. plant 5.3 Romney and Childress . 1965. 

Beryllium Solution BeC12 Lct1ucc 28 2 LCT Dry wgl. plant 5.3 Romney and Childress . 1965 . 

14 



-I .,_ 

::j,
~ 

r,H 

t...r'.) 
~ 

CHEMICAL 

Beryllium 

Bismuth 

Boron 

Boron 

Boron 

Boron 

Boron 

Bromine 

Bromine 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

GROWTH MEDIUM FORM 

Surface soil 

Solution 

Muck H3B03 

Silt loam H3B03 

Sill loam H3B03 

Solution 

Solution H3BO3 

Solution 

Surface soil 

Alluvial soil CdO 

Alluvial soi l CdO 

Brown earth soil CdCIHCdO(I : I) 

Brown earth soil CdCl2 

Brown earth soil CdCl2 

Brown earth soil CdO 

Brown earth soil CdO 

Brown earth soil CdCl2 

Humic sand CdCl2 

Humic sand CdCl2 

Humic sand CdCl2 

Loam CdCl2 

Loam CdCl2 

Loam CdCl2 

Loamy sand 

Loamy sand CdCl2 

Table 1. (continued) 

SPECIES DURATION NOEC LOEC 

IO 

27 

Corn 28 IO 50 

Corn 28 10 50 

Corn 28 0.5 

I 

Bush beans 16 1.08 5.4 

15 

10 

Rice 105 30 100 

Wheal 161 10 30 

Radish 42 50 

Radish 42 10 

Oal 42 IO 

Wheat 42 100 

Rad ish 42 100 

Wheal 42 50 

Tomato 14 171 

Lettuce 14 136 

Oat 14 97 

Oal 14 159 

Tomato 14 16 

Lettuce 14 33 

Corn 31 2.5 

Corn 5 15 25 

15 

} 

NOTES GROWTH PARAMETER pH REFERENCE 

Phytotoxic Kloke. 1979. 

Phytotoxic Scharrer. 1955. 

Dry wgl. shoot 4.5 John, Cl al . 1977. 

Dry wgl. shoot 5.1 John. ct al. 1977. 

LCT Dry wgl. shoot 5.1 John, ct al. 1977. 

LCT Phytolmtic Bowen. 1979. 

Dry wgl. root/leaves Wallace, cl al. 1977b. 

LCT Phytotoxic Chapman. 1966. 

Phytotox ic Kloke. 1979. 

Dry wgl. root/stem 5.95 Muramoto. ct al. 1990. 

Yield grain 5.95 Muramoto, ct al. 1990. 

LCT Dry wgl. root 4.6 Khan and Frankland. 1984. 

LCT Dry wgl. roo<ishoot 5.4 Khan and Frankland. 1983. 

LCT Dry wgt. root 5.4 Khan and Frankland. 1984. 

LCT Ory wgt. root 4.6 Khan and Frankland. 1984. 

LCT Dry wgl. roo<ishoot 5.4 Khan and Frankland. 1983. 

LCT Ory wgt. root 4.6 Khan and Frankland. 1984. 

EC50% Fresh wgl. shoot 5.1 Adema and Henzen. 1989. 

EC50% Fresh wgl. shoot 5.1 Adema and Henzen. 1989. 

EC50% Fresh wgl. shoot 5.1 Adema and Henzen. 1989. 

EC50% Dry wgt. leaves 7.5 Adema and Henzcn. 1989. 

EC50% Fresh wgl. shoot 7.5 Adema and Henzen. 1989. 

EC50% Fresh wgt. •'- 7.5 Adema and Hcnzen. 1989. 

LCT Dry wgl. shoot 6 Miller, ct al. 1977. 

Root leng1h 6.5 Hassen, el al. 1976. 
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Table 1. (continued) 

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARA METER pH REFERENCE 

Cadmium Loamy sard Spinach 70 2 4 Dry wgl. plant 8.3 Sadana ard Singh. 1987b. 

Cadmium Loamy sard Wheat 10 LCT Yield grain 8.4 Sadana ard Singh. 1987a. 

Cadmium Sard CdCl2 Blucstcm 84 10 LCT Dry wgt. root/shoot 7.8 Miles ard Parker. 1979. 

Cadmium Sard CdCl2 Corn 35 28 LCT Dry wgl. plant s Traynor ard Kneuk. 1973 

Cadmium Sand culture CdCl2 Red alder 77 0 .031 0.062 Dry wgt . root/stem Wickliff ard Evans. 1980. 

Cadmium Sardy loam CdCl2 Red oak 112 20 so Dry wgt . plant 6 Dixon. 1988. 

Cadmium Sardy+clay loams CdCl2 Wheat 45 10 20 Yield grain/straw 8.4 Singh, et al. 1991. 

Cadmium Silica sand CdCl2 Red alder 77 0.061 LCT Dry wgt . stem/leaves Wickliff, et al. 1980. 

Cadmium Silica sand CdCl2 Silver Maple 56 s LCT Dry wgl. roo1/lea(/s1cm Lamoreaux and Chancy. 1977. 

Cadmium Silty clay loam CdCl2 Leuuce 37 2.S LCT Dry wgt. plant 6.7 l·laghiri. 1973. 

Cadmium Silty clay loam CdCl2 Soybean 35 5 10 Dry wgt. shoot 6.7 Haghiri. 1973. 

Cadmium Silty clay loam CdCl2 Sycamore 90 s LCT Leaf biomass Carlson and Bazzaz. 1977. 

Cadmium Silty clay loam CdCl2 Radish 26 2.S LCT Dry wgt. root 6.7 Haghiri . 1973. 

Cadmium Silty clay loam CdCl2 Wheat 35 2 .S s Dry wgt. shoot 6.7 Haghiri. 1973. 

Cadmium Soil CdCl2 Soybean s 10 Seeds per plant Aery ard Sakar. 1991. 

Cadmium Soil + sand (1:1) CdCl2 Spruce 100 I 2 Dry wg1. root/shoot 3.3 Burton, et al. 1984. 

Cadmium Solution CdCl2 Swiss chard 35 0 .1 I Dry wgl. shoot 6.3 Turner. 1973. 

Cadmium Solution CdS04 Tomato 21 I LCT Dry wgl. plant Page, et al. 1972. 

Cadmium Solution CdS04 Chrysanthemum 21 0.112 LCT Dry wgt. rOOl/stcm Patel , et al. 1976. 

Cadmium Solution CdCl2 Rye 10 so 100 Dry wgl. shoot S.9 Carlson ard Rolfe. 1979. 

Cadmium SoluttOn CdS04 Bean 21 0. 1 LCT Dry wgl. plant Page, et al. 1972. 

Cadmium Solution CdS04 Bean IS 0.06 6.1 Dry wgl. root/leaves s Wallace. 1979. 

Cadmium Solution CdCl2 Tomato 14 3 ECS0~ Fresh wgl. shoot Adema ard Henun. 1989. 

Cadmium Solution CdS04 Pepper 21 I LCT Dry wgl. plant Page, et al. 1972. 

Cadmium Solution CdS04 Turnip 21 0.1 LCT Dry wgl. plant Page, et al. 1972. 
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CHEMICAL 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Chromium 

Chromium 

Chromium 

Chromium 

Chromium 

Chromium 

Chromium 

Chromium 

Chromium 

Chromium 

Chromium 

Chromium 

GROWTH MEDIUM FORM 

Solution Cd504 

Solution CdS04 

Solution Cd504 

Solution CdCl2 

Solution CdCl2 

Solution CdCl2 

Solution CdCl2 

Solution CdS04 

Solution Cd504 

Solution Cd504 

Solution Cd(N03)2 

Solution CdS04 

Solution CdC12 

Humic sand K2Cr207 

Humic sand K2Cr207 

Humic sand K2Cr207 

Loam K2Cr2O7 

Loam K2Cr207 

Loam K2Cr207 

Loam K2Cr207 

Solution CrCl3+K2Cr04 

Solution K2Cr207 

Solution Cr504 

Solution K2Cr2O7 

Solut ion Cr2(S04)3 

Table 1. (continued) 

SPECIES DURATION NOEC 

Barley 21 

Lcuuce 21 

Corn 10 

Oat 14 

Lettuce 14 

Beetroot 35 0.1 

Carrot 35 

Cabbage 21 I 

Corn 21 0 .25 

Rye grass 14 

Soybeans 21 

Beet 21 

Tomato 14 0 .01 

Tomato 14 

Oat 14 

Lettuce 14 

Soybean 3 10 

Tomato 14 

Oat 14 

Lcuucc 14 

Cabbage 55 2 

Soybean 5 0 .5 

Chrysanthemum 21 

Lc:ttoce 14 

Rye grass 2.5 10 

17 

LOEC NOTES GROWTH PARAMETER pH REFERENCE 

I LCT Dry wgt. plant Page, ct al . 1972. 

I LCT Dry wgl. plant Page, Cl al. I 9n. 

0.112 LCT Fresh wgt. plant Stiborova, cl al. 1986. 

6 EC50% Fresh wgl. shoot Adema and Hcnzcn. 1989. 

0.84 EC50% Fresh wgl. shoot Adema and Hcnzcn. 1989. 

I Dry wgt. shoot 6.3 Turner. 1973. 

0.01 LCT Dry wg1. shoot 6.3 Turner. 1973. 

2.5 Dry wgl. plant Page , cl al. 1972. 

0 .5 Dry wgl. plant Page, ct al. 1972. 

1.25 LCT Lgth. longcst root/shoot 7 Wong and Bradshaw. 1982. 

0 .05 LCT Dry wgt. root/leaves 6.2 Cunningham. 1977. 

0.1 LCT Dry wgl. plant Page, cl al. 1972. 

0 .1 Dry wgt. shoot 6.3 Turner. 1973 . 

21 EC50% Fresh wgt. shoot 5. 1 Adema and Hcnzcn. 1989. 

31 EC50% Fresh wgt. shoot 5. 1 Adema and Hcnzcn. 1989. 

>II EC50% Fresh wgt. shoot 5. 1 Adema and Hcnzcn. 1989. 

30 Fresh wgt. shoot Turner and Rust . 1971. 

6.8 EC50% Fresh wgt shoot 1.5 Adema and Hcnzen. 1989. 

7.4 EC50% Fresh wgt. shoot 1.5 Adema and Hcnzcn. 1989. 

1.8 EC50% Fresh wgt. shoot 1.5 Adema and Hcnzcn. 1989. 

10 Dry wgt. plant 5 Hara, ct al. 1976. 

I Dry wgl. shoot Turner and Rust. 1971. 

0 .052 LCT Dry wgt. stem/leaves Patel, ct al. 1976. 

0.16 EC50% Fresh wgl. shoot Adema and Henzen. 1989. 

50 % seed gemination Breeze. 1973. 
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CHEM ICAL 

Chromium 

Chromium 

Chromium 

Chromium 

Chromium 

Coball 

Cobah 

Cobah 

Copper 

Copper 

Copper 

Copper 

Copper 

Copper 

Copper 

Copper 

Copper 

Copper 

Dinitrophcnol , 2.4 

Dinitrophcnol . 2,4 

Dinitrophcnol , 2.4 

Dinitrophcnol. 2.4 

Dinitrophcnol . 2.4 

Dinitrophcnol , 2,4 

Dinitrophcnol, 2,4 

GROWTH MEDIUM FORM 

Solu1ion K2Cr207 

Solution Cr2K207 

Solution K2Cr207 

Solu1ion K2Cr207 

Solulion K2Cr2O7 

Solution CoS04 

Surface soil 

Solution CoS04 

Loam CuS04 

Sand CuS04 

Sand CuS04 

Soil 

Solution CuS04 

Solution CuS04 

Solution CuS04 

Solution CuS04 

Surface soil 

Solution CuS04 

Clay 

Clay 

Clay 

Sandy loam 

Sandy loam 

Sandy loam 

Sandy loam 

I.·. 

Table 1. (continued) 

SPECIES DURATION NOEC 

Oal 14 

Rye grass 2.5 10 

Rye grass 14 

Bush beans II 

Tomalo 14 

Bush beans 21 

Chrysanthemum 21 

Bush beans 17 100 

Blucslcm 84 

Bluestcm 84 

Clover 120 

Rice 4 2.53 

Tobacco 21 0.1 6 

Rye grass 14 

Corn 10 

Chrysanthemum 21 

Fcscuc 21 20 

Corn 21 20 

Soybeans 21 

Soybean 20 

Fcscuc 21 60 

Corn 60 

Fcscue 21 20 

18 

LOEC NOTES GROWTH PARAMETER pH REFERENCE 

1.4 EC50\II, Fresh wgl. shoot Adema and Henzcn. 1989. 

50 I seed germination Breeze. 197). 

2.5 LCT Lg1h. longesl rool 7 Wong and Bradshaw. 1982 . 

0.27 LCT Dry wgl. leaf Wallace. cl al. 1977a. 

0.29 EC50l" Fresh wg1. shoot Adema and Henzcn. 1989. 

0.06 LCT Dry wgl. leaves Wallace. ec al. 1977a. 

25 Phytotoxic Linzon. 1978. 

0.059 LCT Dry wgl. root Pale( . Cl al. 1976. 

200 Dry wg1. leaves Wallace. el al. 1977b. 

100 LCT Dry wgl. root/shoot 7.8 Miles and Parker. 1979. 

100 LCT Dry wgl. root/shoo! 4.8 M ilcs and Parker. 1979. 

40 LCT Phyt()(oxic Dvorak. cl al. 1978. 

25 3 Rool length Gupta and Mukhcrji . 1977. 

0.32 Dry wgl. root/shoot S1rockmcycr, cl al. 1969. 

0.031 LCT Lglh. longes1 root 7 Wong and Bradshaw. 1982 

0.064 LCT Fresh wg1 . plan! S1ibornva . ct al. 1986. 

60 Phytotoxic Kovalskiy. 1974. 

0.064 LCT Dry wgl. root Patel. et al. 1976 

40 Fresh wgl. shoot 4.75 Overcash, ct al. 1982. 

40 Fresh wgt. shoot 4.75 Overcash, ct al. 1982. 

20 LCT Fresh wgt. shoot 4.75 Overcash, cl al. 1982. 

40 I seed germination 4 Overcash, et al. 1982. 

80 Fresh wgt . shoot 6 Overcash. et al. 1982. 

80 i seed germinat ion 4 Overcash. ct al. 1982. 

40 Fresh wgl. shoot 4 Overcash, et al . 1982. 



Table 1. (continued) 

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE 

Dinitrophcnol, 2,4 Sandy loam Corn 21 20 40 Fresh wgl. shoot 6 Overcash. c1 al. 1982. 

Dini1rophcnol. 2,4 Sandy loam Soybeans 21 20 40 Fresh wgl. shoot 4 Overcash, cl al. 1982. 

Dinilrophcnol , 2,4 Sandy loam Corn 21 20 LCT Fresh wgl. shoot 4 Ovcrca,h , cl al. 1982. 

Dini1rophcnol, 2,4 Sandy loom Soybeans 21 20 LCT Fresh wgl. shoot 6 Ovcrca,h, cl al. 1982. 

Di-n-bu1yl ph1hala1c Clay Fcscue 21 200 2000 Fresh wgt. shoot 4.75 Ovcrca,h, cl al. 1982. 

Di-n-bu1yl ph1hala1c Clay Corn 21 200 LCT Fresh wgl. shoot 4 .75 Ovcrca,h, Cl al. 1982. 

Di-n-bu1yl phlhala1c Sandy loom Corn 21 200 LCT Fresh wgl . shoot S.15 Overcash , cl al . 1982. 

Di-n-bu1yl phlhalatc Sandy loam Fescue 21 200 2000 Fresh wgl. shoot S.15 Overcash, cl al. 1982. 

Di-n-butyl ph1hala1e Sandy loam Soybean 21 200 LCT Fresh wgt. shoot S.15 Overcash, Cl al. 1982. 

Di-n-butyl ph1ha latc Sandy loam Soybean 200 LCT I seed germination 4 Overcash, ct al. 1982. 

Di-n-bu1yl ph1hala1c Sandy loom Corn 2 1 200 LCT Fresh wgt. root/shoot 4 Overcash, ct al. 1982. 

Fluorine Surface soil 200 Phytotoxic Kloke. 1979. 

Fluorine Solution s LCT Phy1010,ic Scharrer . 1955. 

Iodine Loom Kl Tomato 95 0.45 4.S Dry wgl . shoot 6 .75 Ncwion and T01h. 1952. 

Iodine Sand Kl Tomato 95 0.45 4 .5 Dry wgl. shoot 6.15 Newton and Toch. 1952. 

Iodine Sill loom Kl Tomato 95 0.45 4.S Dry. wgl. shoot 6.75 Newlon and TOlh. 1952. 

Iodine Sill loom Kl Tomato 95 0.45 4.5 Dry wgl . shoot 6.75 Newlon and TOlh. 1952. 

Iodine Solution Kl Tomato 60 0.S 5 Dry wgl. shoot Newlon and T01h. 1952. 

Iodine Solu1ion Kl Corn 60 0 .1 0 .5 Dry wgl. shoot 5.8 Lewis and Powers . 1941. 

Iron Solution FcS04 Bush beans IS 11.6 29 Dry wgl. root/leaf/stem Wallace, Cl al. 1977b. 

Iron Solu1ion FcS04 Cabbage ss IO 50 Dry wgl. plant s Hara, cl al. 1976. 

Iron Solution IO LCT Phy1010,ic Chapman. 1966. 

Lead Brown earth soil PbCl2 Wheal 42 soo 1000 Dry wgl. root 4.6 Khan and Frankland. 1984. 

Lead Brown canh soil PbCl2 Oal 42 100 soo Dry wg1. root 5.4 Khan and Frankland. 1984. 

Lead Loamy sand PbCl2 Corn 5 250 500 Root lcnglh 6.5 Hassell , cl al. 1976. 
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Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lithium 

GROWTH MEDIUM FORM 

Loamy sand 

Sand PbCl2 

Sand PBCl2 

Sandy loam CdCl2 

Sill loam PbCl2 

Silly clay loam PbCl2 

Solution Pb(N03)2 

Solution Pb(N03)2 

Solution Pb(N03)2 

Solution PbS04 

Solution Pb(N03)2 

Solution Pb(N03)2 

Solution PbS04 

Solution PbS04 

Solution PbS04 

Solution PbS04 

Solution Pb(NO3)2 

Solution Pb(N03)2 

Solution Pb(N03)2 

Alluvial soil PbCl2 

Brown eanh soil PbCl2 

Brown earth soil Pb() 

Sill loam PbCl2 

Soil + sand (1 : 1) PbCl2 

Loam LiN03 

Table 1. (continued) 

SPECIES DURATION NOEC 

Corn 31 125 

Blucstcm 84 

Bluestcm 84 

Red oak 112 20 

Rye 10 100 

Sycamore 90 

Wire grass 14 

Bermuda grass 14 

Bermuda grass 14 

Bean 28 s 

Rye grass 14 

Wire grass 14 10 

Bean 28 5 

Bean 28 5 

Bean 28 20 

Bean 28 20 

Wire grass 14 

Corn 10 20.7 

Bermuda grass 14 

Wheal 161 1000 

Radish 42 100 

Rad ish 42 

Fescue 10 1000 

Spruce 100 50 

Corton 21 25 
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LOEC NOTES GROWTH PARAMETER pH REFERENCE 

250 Dry wgt. plant 6 Miller , cl al. 1977. 

450 LCT Dry wgt. root/shoot 7.8 Miles and Parker. 1979. 

450 LCT Dry wgt. root 4.8 Miles and Parker. 1979. 

so Dry wgt. plant 6 Dixon. 1988. 

5000 Dry wgt. shoot S.9 Carlson and Rolfe. 1979. 

so LCT Leaf biomass Carlson and Bauaz. 1977. 

10 LCT ROO( length Wong and Lau. 1985. 

10 LCT Root length Wong and Lau. 1985 . 

10 LCT ROO( leni1h Wong and Lau. 1985 . 

10 Dry wgt. plant Hooper. 1937. 

2.S LCT Lghl.longesl root/shoot Wong and Bradshaw. 1982 . 

20 ROO( length Wong and Lau . 1985 . 

10 Dry wgt. plant Hooper . 1937. 

10 Ory wgl . plant Hooper . 1937. 

30 Dry wgt. plant Hooper . 1937. 

30 Dry wgt. plant Hooper . 1937. 

10 LCT ROO( length Wong and Lau. 1985. 

207 Fresh wg1. plant Stiborova , ct al. 1986. 

10 LCT Root length Wong and Lau . 1985 . 

3000 Dry wgt. root/shoot 5.95 Muramoto. 1990. 

500 Dry wgl . root 5.4 Khan and Frankland. 1983. 

1000 LCT Dry wgl. rOO( 5.4 Khan and Frankland. 1983. 

5000 Dry wgt. shoot 5.9 Carlson and Rolfe . 1979. 

100 Dry wgt. root/shoot 3.3 Burton, cl al. 1984 . 

so Dry wg1. leaf/stem Wallace , cl al. 1977c. 



Table 1. (continued) 

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE 

Lithium Loam LiCI Bush beans 16 10 25 Dry wgl. leaf Wallace, ct al . lmc. 

Lithium Loam Li2C204 Barley 10 500 LCT Dry wgt. shoo< 6 Wallace. 1979. 

Lithium Soil Orange 180 2 Phytotoxic Aldrich, ct al. 1951. 

Lithium Solution LiNOJ Bush beans 24 3.5 LCT Dry wgt. stem Wallace, ct al. 1977c. 

Manganese Loam MnS04 Bush beans 14 500 LCT Dry wgt . stems Wallace, ct al. 1971b. 

Manganese Quartz sand MnS04 Siratro 76 30 LCT Dry wgt . plant 4.2 Hulton, ct al. 1978. 

Manganese Quartz sand MnS04 Siratro 76 30 LCT Dry wgl. plant 4.2 Hulton, ct al. 1978. 

Manganese Quartz sand MnS04 Siratro 76 30 LCT Dry wgt. plant 4.2 Hulton, ct al. 1978. 

Manganese Quartz sand MnS04 Siratro 76 30 45 Dry wgt. plant 4.2 Hulton, ct al . 1978. 

Manganese Quartz Sand MnS04 Siratro 76 30 LCT Dry wgt. plant 4.2 llullon, ct al. 1978. 

Manganese Solution MnS04 Spruce 32 I I 44 Root length 6 Langheinrich, ct al. 1992. 

Manganese Solution MnS04 Bush beans 16 5.5 LCT Dry wgt. root/1eaf/stem Wallace , ct al. 1971b. 

Manganese SoluttOn MnS04 Wheat 30 30 90 Dry wgt. root/shoo< 4.8 Burke, ct al. 1990. 

Manganese Solution MnS04 Bush beans 21 5.4 54 Ory wgt. root/le.if/stem Wallace , et al. 1977b. 

Manganese Solution MnS04 Spruce 32 II 44 Rel. gwth. rate 6 Langhe inr ich, ct al. 1992. 

Manganese SolutK>n MnS04 Spruce 77 44 LCT Hgt. cp icotyl 4 Langheinr ich ct al . 1992. 

Manganese Solution MnS04 Wheat 30 30 LCT Dry wgt. root 4.8 Burke , ct al. 1990. 

Manganese Solution MnS04 Whea t 30 30 LCT Dry wgt. root 4.8 Burke , et al. 1990. 

Manganese Solution MnS04 Spruce 77 44 LCT llgt . cpicotyl 4 Langhcirv ich cl al. 1992. 

Manganese Solution MnS04 Tomato 17 2.75 5.49 Dry wgt. plant 5.5 Le Bot, ct al. 1990. 

Manganese Solution MnS04 Wheat 30 30 LCT Dry wgt. root/shoo< 4.8 Burke. ct al. 1990. 

Manganese Solut ion MnS04 Rye gra.ss 14 0 .75 LCT Lgth. longest root 7 Wong and Bradshaw. 1982. 

Manganese Solution MnS04 Wheat 30 30 LCT Dry wgl. root 4.8 Burke, ct al. 1990. 

Manganese Solution MnS04 Bean 21 2 20 Dry wgt. root/leaves 5 Wallace. 1979. 

Mercury Soil 0.3 LCT Phytotoxic Kloke. 1979. 
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Table 1. (continued) 

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE 

Mercury Solution CH3HgCI Spruce 35 0 .02 LCT Chlorophyll in needles 4.3 Schlegel , ct al. 1987. 

Mercury Solution HgCl2 Rye grass 14 5 LCT Lgth. longest root/shoot 7 Wong and Bradshaw. 1982. 

Mercury Solution HgCl2 Spruce 35 O.o2 LCT Chlorophyll in need les 4.3 Schlegel, ct al. 1987. 

Mercury Solution Ch3HgCI Spruce 35 0.002 LCT Transp. rate/CO2 uptake 4.3 Schlegel, ct al. 1987. 

Molybdenum Soil 2 LCT Phytotmdc Linzon. 1978. 

Molybdenum Solution 0.5 LCT Phytotoxic Chapman. 1966. 

Molybdenum Solution H2Mo04 Bean 14 5.72 LCT Dry wgt. leaves 5 Wallace. 1979. 

Molybdenum Solution H2Mo04 Bush beans 14 9.6 LCT Dry wgt. leaf Wallace., ct al . 1977b. 

Nickel Loa m NiS04 Corn 19 100 250 Dry wgt. shoot 4.2 Wallace, ct al. 1977d. 

Nickel Loam NiS04 Bush beans 16 100 250 Dry wgt. shoot 1.5 Wallace, ct al. 1977d. 

Nickel Loam NiS04 Corn 19 JOO 250 Dry wgt. shoot 5.6 Wallace, c t al. 1977d. 

Nickel Loam NiS04 Corn 19 100 250 Dry wgt. shoot Wallace, ct al. 1977d. 

Nickel Loam NiS04 Bush beans 28 100 LCT Dry wgl. leaves Wallace, ct al. 1977d. 

Nickel Loam NiS04 Barley 28 25 LCT Dry wgt. shoot Wallace , ct al. 1977d. 

Nickel Loam NiS04 Corn 19 100 250 Dry wgt. shoot 4 .2 Wallace. ct al. 1977d. 

Nickel Loam NiS04 Bush beans 16 100 LCT Dry wgt . shoot 5.8 Wallace , ct al. 1977d. 

Nickel Sand NiCl2 Corn 35 220 294 Dry wgt. plant 5 Traynor and Knczek. 1973. 

Nickel Sandy loam NiCl2 Red Oak 112 20 50 Dry wgt. plant 6 Dixon. I 988. 

Nickel Solution NiS04 Rye grass 14 0 .13 LCT Lgth. longest root 7 Wong and Bradshaw. 1982. 

Nickel SoJution NiS04 Chrysanthemum 21 0.06 0 .59 Dry wgt. stem/leaves Patel. ct al. 1976. 

Nickel Loam NiS04 Rye grass 28 90 180 Dry wgt. shoot 4.7 Khalid and T insley. 1980. 

Nickel Solution Bean 21 1.17 LCT Dry wgt. root/leaves 5 Wallace. 1979. 

PCB Sand Aroclor 1254 Soybean 26 10 100 Fresh wgt . shool 4.7 Weber and Mrozek. 1979. 

PCB Sand Aroclor 1254 Soybean 1000 LCT Fresh wgt . shoot 4 .7 Strek and Weber. 1980. 

PCB Sand Aroclor 1254 Pigwccd 40 100 Fresh wgt. shoot/p.hgt. 4 .7 Strek and Weber. 1980. 
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Table 1. (continued) 

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE 

PCB Sand Aroclor 1254 Soybean ((XX) LCT Fresh wgl. shoot 4.7 Strek and Weber. 1980. 

PCB Sand Aroclor 1254 Pigwccd 20 40 Fresh wgt. shOOllp.hgt. 4.7 Strek and Weber. 1980. 

PCB Sand Aroclor 1254 Soybean 1000 LCT Fresh wgl. shoot/p.hgl. 4.7 Strek and Weber. 1980. 

PCB Sand Aroclor 1254 Pigwccd 28 50 100 Plant heigh! 4 Strek and Weber. 1982. 

PCB Sand Aroclor 1254 Soybean 1000 LCT Fresh wgt. shoot/p.hgl. 4.7 Sirek and Weber. 1980. 

Sc1enium Loamy sand Na2Sc04 Sorgrass 42 I LCT Dry wgt. shoot 5.5 Carlson, cl al. 1991. 

Selenium Sand Na2Sc04 Sorgrass 42 I LCT Dry wgt. shoot 4.9 Carlson, ct al. 1991. 

Selenium Sand Na2Sc04 Sorgrass 42 I LCT Dry wgl. shoot 6.5 Carlson, ct al. 1991. 

Selenium Sand Na2ScO3 Sorgrass 42 I 2 Dry wgt. shoot 4.9 Carlson, ct al. 1991. 

Selenium Silica sand Na2Sc04 Rye grass 60 7.7 10.3 Dry wgt. plant Smith and Watkinson. 1984. 

Selenium Silica sand Na2Sc04 Clover 60 10.3 12.9 Dry wgl. planl Smith and W atkinson. 1984. 

Selenium Silica sand Na2Sc03 Rye grass 60 7.7 10.3 Dry wgl. planl Smith and Watkinson. 1984 . 

Selenium Solution Na2Sc03 Wheal 42 I LCT Dry wgl. root/shoot;hgl Martin. 1936. 

Selenium Solution Na2Sc03 Milk-vclch 9 27 Dry wgl. planl Trelease and Trclease . 1938. 

Selenium Solution Na2ScO3 Buckwheat 42 I LCT Dry wgl. rool/shoot;hgt Marlin. 1936 

Selenium Loamy sand Na2Sc04 Sorgrass 42 I LCT Dry wgl. shoot 6 Carlson. ct al. 1991. 

Silver Soil 2 LCT Phytotoxic Linzon. Ins. 

Silver Solution AgNOJ Bean 13 0.068 LCT Dry wgt. leaf 5 Wallace. In9. 

Silver Solution AgNO3 Bush beans 13 0.17 LCT Dry wgt . plant Wallace, et al. Ima. 

Tellurium Solution K2Tc03 Wheat 42 2 LCT Dry wgl. root/shoot Marlin. 1937. 

Thallium Quartz sand TINOJ Tobacco JO 0.1 0.3 Fresh wgl. shoot Spencer. 1937. 

Thallium Solution I LCT Phytotoxic Stiles. 1958. 

Thallium Surface soil I Phytotoxic Klolcc. 1n9. 

Tin Solution 40 Phytoto:11:ic Schroeder. 1955. 

Tin Surface soil 50 Phytotmi:ic Klolcc. Im. 
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Titanium 

Titanium 

Toluene 

Toluene 

Toluene 

Toluene 

Toluene 

Toluene 

Toluene 

Vanadium 

Vanadium 

Vanadium 

Vanadium 

Vanadium 

Vanadium 

Zinc 

Zinc 

Zinc 

Zinc 

Zinc 

Zinc 

Zinc 

Zinc 

Zinc 

Zinc 

GROWTH MEDIUM FORM 

Solution TiCl3 

Solution TiCl3 

Clay 

Clay 

Sandy loam 

Sandy loam 

Sandy loam 

Sandy loam 

Sandy loam 

Sand 

Soil 

Solution VCl3 

Solution NH4V03 

Solution NH4V03 

Surface soil 

Alluvial soil ZnO 

Clay loam ZnS04 

Clay loam ZnS04 

Fine sandy loam ZnS04 

Fine sandy loam ZnS04 

Sand ZnS04 

Sand ZnS04 

Sand ZnSo4 

Sandy loam 

Sandy loam ZnS04 

Table 1. (continued) 

SPECIES DURATION NOEC 

Cabbage 55 0.4 

Bush beans 21 

Soybean 21 2000 

Corn 21 

Corn 2000 

Corn 21 2000 

Fescuc 21 2000 

Soybean 21 

Soybean 200 

Corn 67 1.25 

Cabbage 55 0.4 

Bush beans 14 

Bean 14 

Rice 105 

Cowpca 31 157.82 

Corn 31 473.76 

Cowpca 31 111.8 

Corn 31 222.36 

Corn 31 201.83 

Cowpca 31 80.67 

Cotton 77 

Peanut 105 14 

Soybean 28 115 
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LOEC NOTES GROWTH PARAMETER pH REFERENCE 

4 Dry wgt. plant 5 Hara. ct al. 1976. 

0.069 LCT Ory wgt. leaves Wallace, ct al. 1977a. 

20000 Fresh wgt. shoot 4.15 Overcash, ct al. 1982. 

200 LCT Fresh wgt. shoot 4.75 Overcash, ct al. 1982. 

20000 % seed germination 4 Overcash, ct al. 1982. 

20000 Fresh wgt. shoot 5.75 Overcash, ct al. 1982. 

20000 Fresh wgt. shoot 5.75 Overcash, ct al. 1982. 

200 LCT Fresh wgt. shoot 5.75 Overcash, ct al. 1982. 

2000 % seed germination 4 Overcuh, et al. 1982. 

6.25 Plant hgt./lcaf area Singh. 1971. 

2.5 LCT Phytotoxic EPA. 1975. 

4 Dry wgt. plant 5 Hara, ct al. 1976. 

1.17 LCT Dry wgt. roou Wallace , ct al. 1977. 

0 .22 LCT Dry wgt . root 5 Wallace. 1979. 

50 Phytoloxic Kloke. 1979. 

1000 LCT Dry wgt. root 5.95 Muramoto. 1990. 

315 .94 Dry wgt . shoot Gall and Barnette. 1940 

631.58 Dry wgt. shoot Gall and Barnette. 1940 

222.36 Dry wgt . shoot Gall and Barnette. 1940 

333.54 Dry wgt. shoot Gall and Barnette. 1940 

403.65 Dry wgt. shoot Gall and Barnette. 1940 

141.4 Dry wgt. shoot Gall and Barnette. 1940 

140 LCT Dry wgt. shoot 5.5 Lee and Page. 1967. 

17 Dry wgt. plant Keisling , ct al. 1977. 

131 Dry wgt. leaves 5.5 White, ct al. 1979. 



) 

Table 1. (continued) 

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE 

Zinc Sandy loom ZnS04 Soybean 28 327 393 Dry wgt. leaves 6.5 White, ct al. 1979. 

Zinc Soil ZnS04 Spinach 60 87.2 LCT Dry wgt. root/shoot Lata and Veer. 1990. 

Zinc Soil ZnS04 Soybean 10 25 Seeds per plant Aery and Sak.ar. 1991. 

Zinc Solution Clover 46 0 .082 0 .41 Dry wgt. plant 6 Carroll and Loncragan. 1968. 

Zinc Solution Barrel medic 46 0 .082 0.41 Dry wgt. plant 6 Carroll and Loneragan. 1968. 

Zinc Solution Lucerne 46 0 .082 0.41 Dry wgt. plant 6 Carroll and Loncragan. 1968. 

Zinc Solu1k>n ZnS04 Chrysanthemum 21 0.65 6.5 Dry wgt. slcm Patel , et al. 1976. 

Zinc Solution ZnS04 Bush beans 16 1.62 16.2 Dry wgt. root/shoot Wallace, et al. l<n7b. 

Zinc Solution ZnS04 Rye grass 14 1.85 LCT Lgth . longest root 7 Wong and Bradshaw. 1982. 

Zinc Alluvial soil ZnO Wheat 161 l000 LCT Dry wgt. plant/grain yld. 5.95 Muramoto. 1990. 

Zioc Soil ZnS04 Coriander 60 87.2 LCT Dry wgt. root/shoot Lata and Veer. 1990. 
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Table 2. Screening benchmark concentrations for the phytotoxicity of chemicals in soil and soil 
solution (Letters after concentrations denote values said in secondary sources to represent 

phytotoxicity thresholds) 

CHEMICAL SOIL SOLUTION 

(mg/kg) (mg/L) 

Aluminum 10 0 .5 

Antimony 5' --

Arsenic 10 Q.Q2b 

Barium 500 sooc 
Beryllium 10• 0.5 

Bismuth -- 27b 

Boron 0.5 ld 

Bromine 10· 15° 

Cadmium 2 0.1 

Chromium 2 0 .05 

Cobalt 25° 0.06 

Copper 40' 0.03 
,. 

Fluorine 200· jb 

Iodine 4 0.5 

Iron -- 10c 

Lead 50 10 

Lithium 2 3 

Manganese 500 1 

Methyl mercury -- 0.002 

Mercury 0.3 0.02 

Molybdenum 2· 0 .5c 

Nickel 25 0 .1 

Selenium 1 1 

Silver 2· 0.07 

Tellurium -- 2 

Thallium 1· p 

Tin so· 4Qh 

26 



Table 2. (continued) 

CHEMICAL SOIL SOLUTION 

(mg/kg) (mg/L) 

Titanium -- 0 .07 

Vanadium 2.5; 0 .2 

Zinc 20 0.4 

2,4 Dinitrophenol 20 --

Di-n-butyl phthalate 200 --

PCBs 40 --

Toluene 200 --

• Kloke, 1979; b Scharrer, 1955 ; c Chapman, 1966; d Bowen, 1979; c Linzon , 1978; r Dvorak et al . , 1978; 
8 Stiles , 1958 ; h Schroeder, 1955;; EPA, 1975. 
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