
Bull. Environ. Contam. Toxicol. (1986) 36:384-391 
�9 1986 Springer-Verlag New York Inc. 

~= E n v i r o n m e n t a l  
~; C o n t a m i n a t i o n  
~ a n d  T o x i c o l o g y  

Hydrogen Oxidation Soil Bioassay Using the Single 
Laboratory Method 
R. D. Rogers and P. A Pryfogle 

Idaho National Engineering Laboratory, Biotechnology Division, P.O. Box 1625, 
Idaho Falls, ID 83415 

Before a biological process can be used as an operational bioassay, 
the quality of data produced by the method must be evaluated. The 
most vigorous, and therefore expensive, form of evaluation is the 
collaborative test. While there is no question that such testing 
is appropriate, economic constraints dictate that some consistent 
approach be employed to select viable bioassays for testing. 
Single laboratory testing has been proposed as a method to esta- 
blish the data quality that could be achieved within a single 
laboratory. This data can then be used as an indication of the 
kind of results which could be expected from a collaborative test. 
Recently, guideline methods were published by EPA (McKenzie and 
Olson, 1984) which stated that a method should be evaluated based 
upon i ts  capability for ruggedness (identifying procedural vari- 
ables that must be carefully controlled), evaluation of systematic 
error (bias), and identif ication of method preceision and accuracy. 

Because of a potential usefulness to regulatory agencies, the 
Hydrogen Oxidation Soil Bioassay was selected as a candidate for 
single laboratory testing. Rogers and McFarland (1982) previously 
demonstrated that this bioassay was a potential method for moni- 
toring the effect of available soil borne hazardous wastes. The 
method responded in a predictable manner to various concentrations 
of monmixtures of toxic compounds (cadmium, si lver,  mercury, 
fluoride, monuron, methanearsonic acid, dalapon, 2, 4-D, ozone, 
NO 2, and tricresyl phosphate) as well as complex environmental 
samples. While numerous assays were performed on soil amended 
with these compounds and complex mixtures, sufficient performance 
data to qualify the method for collaborative testing was lacking. 
The purpose of this paper is to present the results obtained from 
the single laboratory evaluation of the Hydrogen Oxidation Soil 
Bioassay. 

MATERIALS AND METHODS 

Only a brief overview of Hydrogen Oxidation Soil Bioassay wi l l  be 
presented to provide the reader with the essentials of the method. 
A more detailed discussion of the method can be found elsewhere 
(Rogers, 1984). 
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The soi l  used for  the bioassay was a Calico series f ine sandy 
loam (Aquic Xerof luvent) .  Af ter  co l l ec t i on ,  i t  was a i r  dr ied to 
a constant weight, sieved to pass a O.60-mnf screen, and stored in 
p las t ic  bags at room temperature. Chemicals whose t o x i c i t y  was 
evaluated by the method were a l l  reagent grade and included mer- 
cur ic n i t r a t e  [Hg(N03)2], mercuric chlor ide (HgC12), s i l v e r  
n i t r a te  (AgN03), cadmium n i t r a te  [Cd(N03)2], cadmium chlor ide 
(CdCI2), and sodium pentachloraphenate (PCP). Al l  tes t ing  was 
done wi th aqueous solut ions of these compounds. 

The bioassay was i n i t i a t e d  by adding 10 ml of  water carrying the 
tox ic  compounds or d i s t i l l e d  water, i f  a cont ro l ,  to 100 g of the 
a i r  dried soi l  residing in a l -L ,  round-bottom f lask.  The treated 
soi l  was then incubated at 25 C in the dark for  16 h. Al l  tes t ing  
was set up in t r i p l i c a t e .  

To evaluate the H 2 ox id iz ing  a c t i v i t y  of  the treated s o i l ,  the 
fo l lowing procedure was used. Each f lask  was flushed wi th a i r  
and then sealed wi th rubber stoppers. Imniediately a f te r  tha t ,  
5 ml of nitrogen (N 2) containing 0.5 NCi of HT was in jected 
through the stopper. A f te r  charging, the f lasks were incubated 
an addi t ional  2 h. The HT ox id iz ing  reaction was stopped at the 
precise time (2 h) by f lushing the f lasks wi th a i r  and the quan- 
t i t y  of HT oxidized was determined by recovering the reaction 
product, HTO, from the soi l  by d i s t i l l a t i o n .  

An index analogous with the LC50 was used to compare the re la t i ve  
e f fec t  that  compounds have on the ox idat ion of hydrogen. Because 
the hydrogen oxidat ion test  measures the rate of  a chemical reac- 
t ion rather than l e t h a l i t y ,  the term P250 was used to i d e n t i f y  
that  concentration of a compound that  reduces the reaction rate 
(P2) by 50 percent. The P250 term was obtained from a l inear  
regression l ine generated from a p lo t  of the ra t i o  (as a percent) 
of a P2 Control (P2 c) and at least three P2 treatment (P2 t )  values 
versus the log concentration of the treatment. The calculated 
concentration that  resulted in a P2 t value that  was 50 percent of 
the P2 c was designated as the treatment P250 value. 

RESULTS AND DISCUSSION 

A prel iminary study was conducted in order to select two chemicals 
which would be used for  the single laboratory evaluat ion. The 
test  was conducted in such a manner that  chemical concentration 
ranges and sample matr ix were s im i la r  to what might be encountered 
when using a hazardous waste sample. Other work had indicated 
that  the bioassay was sens i t ive to the e f fec ts  of the heavy metals 
Hg, Ag, and Cd and some organics (Rogers and McFarlane, 1982). 
These metals as well as PCP apparently act as enzyme i nh ib i t o r s  
(Williamson and Johnson, 1982; I to  and Ohnishi, 1982). 

I n i t i a l l y ,  the n i t r a te  (NO 3) forms of Hg, Ag, and Cd were tested. 
I t  was determined that  Hg and Ag had P250 values of 26 ppm and 
76 ppm while the one for  Cd was 133 ppm. In add i t ion ,  the chlor-  
ide (Cl) compounds of Hg and Cd (AgCI was not used because i t  is  
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not soluble in H20 at the working concentrations) were evaluated. 
The P250 value for HgCl 2 (36 ppm) was found to be comparable 
with that of Hg(N03) 2 (26 ppm) while that Of CdCl 2 (707 ppm) was 
six times greater than Cd (NO3) 2 (133 ppm). 

PCP was found to have a P250 of 177 ppm. These results are con- 
sistent with data which showed that the amount of PCP required to 
decrease nitrogenase act iv i ty  by 50% had a range of between 49 
and 660 ppm depending upon soil conditions (Tam and Trevors, 
1981). This wide range is apparently due to the unavailabil ity 
of the chemical after i ts  addition to soil. For example, even 
with extreme extraction procedures (low pH, methylene chloride, 
sonication) only 80% of applied PCP could be recovered immediately 
after application from the soil used in the above study. 

As a result of this preliminary work, aqueous solutions of HgC12 
and PCP were selected for use as sample materials for the single 
laboratory test. Mercury was selected both because i t  appeared 
to be more toxic than Ag and Cd, and because HgC12 is more soluble 
than Hg(N03) 2. PCP was used as a representative toxic organic 
which could be associated with hazardous waste. 

After selection of representative toxic chemicals, the single 
laboratory test was ini t iated. This testing was intended to 
supply data on ruggedness, precision, accuracy, sensi t iv i ty ,  
and re l i ab i l i t y  of measurement. The results of these evaluations 
follow. 

A method's ab i l i t y  to produce unchanged results while being sub- 
jected to minor procedural variations is an indication of i ts  
"ruggedness" (Youden, 1969). Procedural methods and variations 
used for the ruggedness test are summarized in Table 1. The 
seven protocol directed methods (A-G) were chosen because they 
are the ones which, in our judgement, could inadvertently be 
altered and are indicated by a-g. The protocol directed method 
and i ts  corresponding variation were then arranged into a ser~es 
of eight t ra i ls .  Each t ra i l  consisted of a single analysis of a 
single concentration of the test compound, 50 ppm Hg or 100 ppm 
PCP, and a combination of procedural variations. Final test 
results from the eight t ra i ls  are indicated as s-z. 

The effect of each individual method or variable was obtained 
by calculating the mean oxidation value for all the treatments 
which contained that factor. For example, the factor A was part 
of the t ra i l  which produces results for analyses s, t ,  u, and v. 
Therefore, the mean for A can be calculated from the summation 
of s-v [A = (s + t + u + v)/4]. Means for the other factors 
(A-G and a-g) were calculated the same way. After tabulation 
of the means, the differences between the method and variation 
were computed, e.g., A-a, etc. I f  one or two variables were 
having an effect on test results, their respective differences 
would be substantially larger than the group of differences asso- 
ciated with the other variables. 
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Table 1. Variations in the Hydrogen Oxidation Soil Bioassay 
Used to Determine "Ruggedness" 

Item Protocol Directed Variation 

i .  Time a flask is 
purged with air .  

2. Time soil is pre- 
incubated with 
test compound. 

A. Purge time 10 s 

B. Preincubation 
time 16 h 

a. Purge time 6 s 

b. Preincubation time 
20 h 

3. Time soil is C. Incubation time c. Incubation time 
incubated with 120 min 135 min 
HT, 

4. Water, containing 
test compound, 
apFlied to soil, 

D. Amount water d. Amount water 
10 ml 11 ml 

5. Frequency of mix- E. Frequency of e. Frequency of 
ing soi l .  mixing 2 beats/s of mixing 1 beat/s 

F. Quantity of HTO 
8 ml 

G. Amount of HTO 
d i s t i l l a t e  15 ml 

6. HTO derived from 
d i s t i l l a t i o n .  

7. HTO d is t i l l ed  
from soi l .  

f. Quantity of HTO 
7.9 ml 

g. Amount of HTO 
d i s t i l l a t e  17 ml 

Results of this test are in Table 2. I t  is apparent that some 
differences can result from procedural changes. The differences, 
however, were not consistent between the two toxic compounds. 
This was most noticeable with factors D(PCP) and G(Hg). Why 
these factors did not produce similar results with each test 
is not known, but these data would suggest that the variations 
resulted from undetermined sources. 

Table 2. Effect of procedural variations for "ruggedness" testing 
with Hg and PCP 

% Change due to Procedural Variation 

Factor Hg PCP 

A 7.9 '2.4 
B 7.9 2.4 
C 9.0 11.4 
D 1.4 15.8 
E 12.3 2.4 
F 12.3 2.4 
G 15.5 1.1 
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In general ,  i t  appears tha t  the modest procedural va r ia t i ons  
evaluated had l i t t l e  e f fec t  on the tes t  r e s u l t s .  This ind ica tes  
tha t  the tes t  i s  "rugged" in the sense tha t  va r i a t i ons  in  the 
method of  a magnitude that  could be made by a q u a l i f i e d  labora- 
t o ry  fo l l ow ing  a w r i t t en  method protocol would not be expected to 
s i g n i f i c a n t l y  a l t e r  t es t  outcomes. 

Method prec is ion was determined by conducting 10 separate assays 
using the same concentrat ion of  the same tes t  mater ia l .  Each of  
the separate determinat ions represented a va l i d  tes t  response as 
d i rec ted by the method pro toco l .  Test ing was conducted on a l t e r -  
nate days and used HgCI 2 (75 ppm Hg) and PCP (I00 ppm). The 
average tes t  response fo r  HgCl 2 was 61.6% (• HT ox ida t ion  
and fo r  PCP 63.6% (• These data showed tha t  the method 
has good p rec is ion ,  but that  some v a r i a b i l i t y  is  present.  

Because the Hydrogen Oxidat ion Bioassay had not been widely  used 
ne i the r  a standard reference mater ia l  nor a known method repsonse 
to the mater ia ls  used fo r  t es t i nq  were ava i lab le .  Therefore, 
under s ing le  labora to ry  tes t  gu iae l i nes  the quest ion of  accuracy 
was approached by conducting 20 independent assays of  the two 
tes t  compounds. For t h i s  eva lua t ion ,  i00 ppm of both Hg and PCP 
were used. The responses to these concentrat ions were 59.4% 
(• fo r  Hg and 64.4% (• f o r  PCP. Future use of  the t es t  
under s i m i l a r  cond i t ions can use these data as reference points  
fo r  method response. 

In the context  of  a s ing le  labora to ry  t es t ,  a method's s e n s i t i -  
v i t y  i s  defined as i t s  c a p a b i l i t y  to respond to small changes in  
the concentrat ion of  t es t  compound. The a b i l i t y  of the method to 
d i s t i n g u i s h  between changes in sample concentrat ions of  Hg 
(HgCl 2) and PCP was tested by se lec t ing  one concentrat ion of each 
compound greater  than a reference concentrat ion and one lower. 
Ten independent analyses fo r  each of the concentrat ions were then 
conducted. I f  the method could d i s t i n g u i s h  between the reference 
and the extreme concent ra t ions,  a new concentrat ion equal d is -  
tance from the reference and extreme concentrat ions were tested.  
This was repeated u n t i l  the d i f fe rence between the reference and 
a treatment was 25 ppm for  Hg and 50 ppm fo r  PCP. The reference 
concentrat ion fo r  Hg was 75 ppm wi th  i0 and 150 ppm being the 
extremes and 50 and i00 ppm serv ing as midpoints between the 
reference concentrat ion and the extremes. For PCP, the reference 
concentrat ion was 200 ppm, w i th  1, 100, 150, 250, 300, 400 ppm 
being the bracket ing concent ra t ions.  The t e s t i n g  wi th  Hg allowed 
fo r  an upper and lower detect ion of  75 ppm (65 ppm on the lowest 
concentra t ion)  and 25 ppm, and fo r  PCP, these concentrat ions were 
200, i00,  and 50 ppm. The ranges were expanded fo r  PCP because 
background data on how i t  af fected the method was not ava i lab le .  

Test r esu l t s  fo r  the d i f f e r e n t  concentrat ions of  sample mater ia l  
are given in Table 3. S t a t i s t i c a l  comparison between the re fe r -  
ence concentrat ion and those used as brackets were made (ANOV). 
Di f ferences s i g n i f i c a n t  at the 5% level  fo r  Hg were found fo r  
concentrat ions which d i f f e red  by 75 and 25 ppm from the reference 
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concentration while for PCP, the range was 200, 100, and 50 ppm. 
These data indicate that with Hg concentrations ranging between 
10 to 150 ppm, increments of at least 25 ppm should produce 
effects which w i l l  be s ta t i s t i ca l l y  distinguishable. For PCP, a 
range between I and 250 ppm should distinguish 50 ppm intervals. 
The upper l im i t  on PCP concentration was dictated by the lack of 
significance between 250 and 300 ppm PCP. 

Table 3. Method sens i t iv i ty  of the hydrogen oxidation soil bio- 
assay using aqueous solutions of Hg, HgC12, and PCP 

Chemical Ng/g Soil 
Average Response 

(% of Control) 

Hg 10 80.3 a* • 5.1 
50 67.9 b • 7.5 
75 61.6 c • 4.8 

100 56.2 d • 4.4 
150 38.3 e • 2.2 

PCP 1 97.7 a • 3.6 
100 63.6 b • 3.4 
150 56.7 c • 3.5 
200 52.0 d • 5.0 
250 47.6 e • 4.3 
300 45.1 e • 3.9 
400 39.9 f • 5.9 

* Mean values within each chemical treatment followed by 
le t ter  are not s ign i f icant ly  dif ferent at the 5% level 
mined by ANOV. 

the same 
as deter- 

The tests designed to establish the l imi ts  of rel iable measure- 
ment determined the concentration range of test compound for 
which the method was capable of providing useful data. More 
speci f ical ly ,  the single laboratory test was used to ver i fy that 
the method's capabil i t ies for sens i t iv i ty  and precision did not 
deteriorate at the upper and lower ~xtremes of the detection 
range. 

While upper and lower detection l imi ts for the compounds used in 
the Hydrogen Oxidation Bioassay were not available from the l i t -  
erature, data from the preliminary testing showed that the test 
compounds produced extremely dif ferent effects when applied in 
concentrations ranging between 10 and 1,000 ppm. Therefore, an 
ef for t  was made to collect data on the r e l i a b i l i t y  ( i . e . ,  pre- 
cision and sens i t iv i ty )  of the method at both of these extremes 
as well as for intermediate concentrations of the two test 
compounds. 
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Concentrations of Hg (as HgC12) used for this evaluation were 10, 
100, 500, 750, and 1000 ppm. For PCP, the range was the same 
except the 500 ppm concentration was not used. Mean test results 
for each sample concentration were compared using ANOV as the 
indicator of differences in the test results (Table 6). These 
data indicate that the method was sensitive (at the 5% level) to 
incremental increases of Hg up to 750 ppm and PCP to 1000 ppm. 

Results for Hg between 750 and 1000 ppm were not s ta t i s t i ca l l y  
distinguishable. While the method's capabil i ty for precision 
with Hg deteriorated from 500 to 1000 ppm, i t  might s t i l l  be able 
to provide useful data (in terms of precision) at elevated con- 
centrations of toxic compounds. Precision for PCP was acceptable 
over the range of concentrations tested though i t  did decrease 
at 750 ppm and above. 

Table 4. Limits of rel iable measurement for the hydrogen oxida- 
tion soil bioassay using aqueous solutions of Hg(HgCl 2) 
and PCP 

Chemical 

Hg 

Average Response 
I% of Control) 

10 80.3 a* • 5.1 
100 56.2 b • 4.4 
500 11.5 c • 4,2 
750 2.6 d • 0,7 

1000 1.2 d • 0.4 

PCP 10 86.2 a • 4.3 
100 65.3 b • 3.4 
750 27.4 c • 3.4 

1000 17.7 d • 2.2 

* Mean values within each chemical treatment by the same le t ter  
are not s ign i f icant ly  di f ferent at the 5% level as determined 
by ANOV. 

Based on the above test, the l imi ts of rel iable measurement for 
the Hydrogen Oxidation Soil Bioassay are therefore presented as 
10 and 750 ppm of Hg when aqueous solutions of HgCl 2 are used and 
10 and 1000 ppm for aqueous solutions of PCP. 

In conclusion, by following the single laboratory test protocol 
there is much better understanding of the performance of the 
Hydrogen Oxidation Soil Bioassay. The assay was determined to 
be rugged in the sense that s l ight  procedural variations had 
l i t t l e  effect on test outcomes and at the same time, the method's 
sens i t iv i ty  and precision were very good within i t s  l imi ts of 
rel iable measurements. Based on these findings, the assay could 
be recommended as a candidate for collaborative testing. 
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