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I. INTRODUCTION
Tia bty
1) Objectives

5 o ks Tras QJL\':,{\‘ Cj\,ﬂ\_i\

- Ayt din ”,hf}&’[‘ FU“;J(' C CU.\”
a. To establish the LCS0 of the heavy netal§%§3?“tﬁ, Eﬁ‘pns Hg as

well as a Cu/Cd mixture in a ratio equal to LC50 Cd/LC50 Cu, employing a
chemically defined medium such as “Artisol:;)

b:\fﬁ';ﬁprove procedures for heavy metal bioavailability studies in
the fielq;

c.\sgi:Zmprove/develop test procedures using a chemically defined
medium and "food* in 28-day uptake studiifi;D

d. To analyze the tissues of tﬁévsurviving test earthworms as well
as those from media of lesser concentrations, blanks and background worm
stock; ~

7
e. ’*o relate the LCS0 concentrations of contaminants with the
tissue contaminant levels in the earthworms utilized in the toxicity
testy O 4 -
J €

~N .
f. To develop first generation interpretations relating soil
contaminant levels and biocavailability, and to interpret the fate and
transport of heavy metal contaminants. (A(l;)

/<:

Between the launching of the program and the first money
compensation for services, the decrease exchange rate of French Francs vs
Dollar was 1 § = 10 FF to 1 $ = 5.8 FF. This lost for costs and service
of more 40 % curtailed our possibilities to reach all initial objectives
(difficulties in As and Hg analysis facilities and postponement in
bicavailability studies in the field).

2) Difficulties

3) Work steps
The report deals with :

a) A description of material and methods used for our work,
including animals, toxicity test procedure and analytical technics
employed for sample mineralization and measurements.

b) A study on heavy metal toxicity mentioned in the contract i.e. :
mercury, arsenic, ‘cadmium and copper. We will find out the 50 % lethal
concentrations (LC50) and the smallest concentrations having an effect on
earthworms or 5 % lethal concentrations (LC5). Thus, we will be able to
class these chemicals in increasing toxicity.

¢} A discussion on earthworm tissues analytical results. The
analysis of the tissues of the surviving test earthworms as well as those
from media of lesser concentrations, blanks, and back jround worm stock
has been limited to copper and cadmium. In fact, mercury and arsenic
request special analytical device that we could not buy for the financial
reason given above.
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I11. MATERIAL AND METHODS
I1.1. Background wora stock

We took a well homogenized earthworm culture to get the most
reproductible results as possible.

Besides, the chosen species must present neither sexual rest, nor
diapause.

Thus, we have used Eisenia fetida P1756, an epigeous earthworm.
More precisely we used E. fetida subspecies andrei because the isoenzyme
studies of genetical diversity (ROBOTTI, 1983) demonstrate the low
variability of this taxon. It is a small species with high reproduction
ratio easily cultured in organic substrates (rubish, compost, litter). We
breeded it in a composted sheep dung.

Characteristics :
Length : 50 to 120 mm
Width : 2 to 4 mm
Weight : 200 to 400 mg
60 to 120 seyments
Pigmentation : red-violet.

Thermal optimum species is about 22-23°C.
11.2. Toxicity test

Method used for the test is based oun the European Standard for
ecotoxicity studies in earthworms (EEC Directive 19/811}.

The test is carried out by two different steps. The first one is
the preliminary test, to find out the contaminant concentration range
giving between 0 and 100 per cent of mortality among earthworms, and the
second one regroups the different other tests which are necessary to get
intermediary mortality percentages between 0 and 100 %.

11.2.1. Materials and organisms

We put adult earthworms in an artificial media called "Artisol",
mixed with different concentrations of the substance to test.
The surviving earthworms are counted 14 days later.

a) Materials

The materials include test containers and test substrate. Te .t
containers used are plastic boxes about 3 liters (21.5 cm x 15 cm x 19.5
cm) with perforated covers to allow aeration.

Test substrate is the medium inside the box. We call it “Artisol"
and it is composed of two elements :

- a skeleton of glass balls (of about 2 ecm in diameter}) : 1425 g of
glass balls (+/- one glass ball) per container (about 100 talls per box),

- a matrix which is composed of 90 g of a peculiar silica per test
container (trade mark : "levilite") deshydrated in an oven at 105°C and
rehydrated with 215 ml of deionized water containing required guantity of
contaminant to test disolved in it,
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b) Organisms

Test organisms used in toxicity tests must normally be chosen among
Eisenia fetida adults, i.e. at least two months old, with clitellum and
weight between 300-600 mg. They must have approximately the same size and
weight. Before test, they are washed with tap water, rinsed with dionized
water and placed in "artisol” without contaminant at the test temperature
(about 20° C) during 48 hours to get them cleared.

11.2.2. Test procedure

Each heavy metal or contaminant must be prepared at different
concentrations. It is also necessary to prepare for each test a reference
box or “blank*, in the same conditions as the other boxes but without
toxic components.

Contaminants to study are heavy metals : cadmium, copper and
mercury, and arsenic. We chose following chemicals : cadmium chloride 2.5
hydrate (CdCl,, S/2 H0), copper chloride dihydrate (CuCly, 2HZ0),
mercury chloride (HgCL2) and sodium meta-arsenite (NaAsOz). Molecular
weights of these chemicals and their components witn weight ratio are
given in Table 1.

TOXIC CHEMICALS
3 COMPONENTS USED

TOXIC COMP.

WEIGHTS

IN G

CHEMICAL ™MOL..
WEIGHTS IN B

/. OF TOXIC COMP.
IN CHEMICALS

Cu CuClz,2H20

63.546

G

170.48 G

37.27 4

As NaRs02

74.922

G

129.91 6

57.67 4

Ha HgCl2z2

200.59

G

271.50 G

73.88 %

Cd CdC12,2.5H20

112.40

G

228.34 G

49.22 4

Tabla L : MOLECULAR AND ATOMIC WEIGHTS OF CHEMICALS USED AND
TOXIC COMPONENTS WITH THEIR PERCENTARGE IN CHEMICALS

These chemicals are all water-soluble and tor this reason they are

tirstly disolved in deionized water to get the proper concentration,
calculated in mg of metal or contaminant (Cd, Cu, Hg or As) per mg of dry
weight silica.

In each test box, we pour 215 ml of water containing contaminant.
Then we add 90 g of silica powder deshydrated at 105° C and we mix all
together to make a homogenous matrix with a good contaminant repartition.
Finally we incorporate the glass balls with the matrix and knead the
whole. Boxes are ready to host earthworms, previously cleared in “"Blank"
Artisol during 2 days as described before. We place 10 earthworms in each
container onto the medium surface and put boxes in a chamber at 20°C +/-
2°C in continous dark, and air humidity 70-90 % RH.

11.3. Sample analysis

F . i analytical technics.

Corvry s

Samples are earthworms and for a few of them “Artisol®.
We used the same mineralization method for all samples and the same




Our laboratory is equiped with a flame atomic absorption
spectrometer, thus we chose this method for cadmium and copper analysis.
However, we could not analyse mercury and arsenic which require a special
equipment (Hydride source) that we do not have.

We tried for arsenic to make a coloured-complex with silver
diethyldithiocarbamate in pyridin and to measure it absorbance with a
colorimeter but we did not get good results.

Besides it is necessary to use special hermetic tubes for mercury
mineralization, because this metal is very volatile (see fig. 1).

Fig 1 : MINERALIZATION TUBE FOR
MERCURY ANALYSIS

I11.3.1. Mineralization L‘J/

Before mineralization, samples are weighted and dried in glass
flask of 30 or 65 ml in oven at 105°C during 24 h. Then, they are cooled
in desiccator during 1 hour and weighted again, to knhow sample
percentages in water. Mineralization and drying are done in the same
flasks. We only add nitric acid (Merck, for analysis) at 65 % (copper and
cadmium < 0,000001 %) in a rate of 5 wml HNO3 for 100 mg dry weight.
Flasks are then closed with plastic caps not susceptible to acid vapours
and leaved at 70°C during 24 hours. After mineralization, samples are
djluted with deionized water in proper flasks to get an acid rate of 10 %
HNO3 at 65 ¢ (25, S50 or 100 ml according to HNO3 quantity used for
mineralization, respectively 2.5, 5 or 10 ml HNOj at 65 %).

Finally, they are stored in polyethylene flasks before analysing.

11.3.2. Analysis

From initial cadmium and copper solutions at 1 g metal/l (Standard
solutions Merck), which we can keep for a long time (6 months to one
year) in a cool place, we make less concentrated solutions. They must
also contain 10 % nitric acid at 65 % to be similar to samples. The
standards are prepared between 0 and 2 mg/l in cadmium or copper (see
Table 2).

T y—— —————
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r STANDARD VOLUME IN L OF VOLUME OF DEIONIZED
CONCENTRATION INITIAL SOLUTION NITIC ACID WATER (IN ML)
) IN PPM Cd OR Cu 1 G/7L IN METAL AT 657 (IN ML) COMPLETED TO
[ O PPM O L 10 Mo 100 M
> 0.5 PPM SO il 10 ML 100 ML
s 1 PPM 100 L 10 MU 100 ML
3
1.5 PPM 150 L 10 ™ML 100 ™ML
} 2 PPM 200 i 10 ™ML 100 ML
& Table 2 COMPQOSITION OF Cd AND Cu STANDARD SOLUTIONS
; With these standard solutions, we can establish the relation
3 between absorbance and concentration, and draw the curves giving
absorbance for different metal concentrations and for a determined
adjustment at the atomic absorption spectrophotometer (see 'Table 3
below).
.
PARAMETERS CADMIUM COPPER
INSTRUMENT MODE ABSORBANCE ABSORBANCE
CARLIBRATION MODE CONCENTRATION CONCENTRATION
MEARSUREMENT MODE INTEGRATION INTEGRATION
LAMP POSITION 4 3
LAMP CURRENT (mQ) 3 4
SLIT WIOTH (nm) 0.5 0.5
SLIT HEIGHT NORMAL NORMAL
WAVELENGTH (nm) 228.8 324.8
FLAME ATR-ACETYLENE RIR-ACETYLENE
SAMPLE TINTRODUCTION AUTO NDORMAL AUTO NORMAL
DELAY TIME 1S S
TIME CONSTANT 0.085 0.05
MEASUREMENT TIME (sec) 5.0 5.0
REPLICATES 2 2
BACKGROUND CORRECTION OFF OFF
ATR FLOW (L/min) 13.5 13.5
ACETYLENE FLOW (L/min) 1.5 1.5
RINSE RATE 1 1
. RINSE TIME (sec) 5.0 5.0
RECALIBRATION RATE o] o]
RESLOPE RATE o} (0]
Table 3 : SETTING UP OF ATOMIC ABSORFPTION SPECTROMETER
il
P
A l
E 5
1l
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For this reason, these curves must be drawn for each new use of the
spectrometer. The curves are shown for copper and cadmium in figures 2
and 3. Thus, we can find out sample concentration in one of these metals,
corresponding on curve, to its absorbance reading.

I1.4. Improvemsents for heavy metal bioavailability studies in the
field

The objective was :

- to precise field practices of sampling,

- to compare concentrations of heavy metals in soil to the various
earthworm species available in the sampling site.

To optimize interpretation, we adopt "points procedure" i.e. we
sampled each very local geographical point for soil and earthworms living
closely associated (in practice few square decimeters of soil were hand
sorted for earthworms and the same soil was sampled).

The objective is to create a matrix of 1 to n points X 1 to n
variables with a maximum of points covering a great range of values for
each variables.

The variables are local sil propeities (lesture variables, pH, C,
N, type of soil, ...), local type of vegetation, individual analysis of
each earthworm for heavy metals, soil hevay metal analysis.

The points were chosen to sample various soil types (more exactly
an acid group on schist-granit rock bed and a neutral to basic group on
calcareous rocks) and typical pollutions : one "unpolluted" series, one
urban series, one industrial pollution (both through water and fume
losses) and one on a mining spoil site (acid soils with lead and cadmium
pollution).

More than two hundred points has been sampled, one thousand
earthworms and some soil characteristics analysis has been made.

Because we use for both soil and individual earthworm the same
sample, the same mineralization and the same heavy metal mineralization
solution to estimate the various pollutants, we chose to delay this type
of analysis because we were unable to estimate mercury which require
special analytical devices (see above item 2 of 1).

III. TOXICITY STUDY
III.1. Toxicity definition

We can define a toxic contaminant as any biological, chemical or
physical factor creating a potential pollution source.

Generally they penetrate organism by respiration teguments or
alimentation. f

With earthworms, we only have toxicity by contact (cutaneous
passage) or by assimilation (digestive tract).

Earthworm respiration is cutaneous. Thus there is no contamination
possible by a specific inhalation way.

The toxic effects of substrate contaminants appear in physiological
troubles which ultimate phase is death.




Fig 2 : CADMIUM STANDARD CURVE

SAMPLE CONCENTRATION ¥ RSD MEAN READINGS
PPM ABSORBANCE
BLANK 0.000 0.002 0.002 0.002
STANDARD 1 0.500 0.4 0.207 0.207 0.208
STANDARD 2 1.000 0.4 0.380 0.379 0.381
STANDARD 3 1.500 0.4 0.530 0.%528 0.531
STANDARD 4 2.000 0.4 0.660 0.658 0.662
8 726 //"’,
a
8
S
8.988
° sed CONCENTRATION  PPR 2 288
Fig 3 : COPPER STANDARD CURVE
SAMPLE CONCENTRATION Y RSD MEAN READINGS
PPM ABSORBANCE
BLANK 0.000 O.001L 0.00% 0,000
STANDARD L 0.500 0.2 0.093 0.093 0.093
STANDARD 2 1.000 0.3 0.180 0.180 J.180
STANDRRD 3 1.500 0.1 0Q.253 0.253 0.254
STANDARD 4 2.000 0.3 0.343 0.344 0.343
8.3%¢
(]
' .
H
[N 1])

0.000 CONCEuTRaTION PPR 2.200




We can distinguish two different sorts of toxicity :
- long term toxicity,
~ acute toxicity.

Long term toxicity can involve malformations, changes in behaviour,
reproductive function modifications whereas acute toxicity involves
quickly serious physiological troubles and contaminated animals death
(swelling appearance on earthworms body, fragility, bleeding, self-
cutting of animals). Acute toxicity measure is considered as a reference
for risks evaluation including long term toxicity.

I111.2. Toxicity measure

It is made with toxicological tests which enable to quantify
sensibility or resistance degree of animals towards toxic substances.

We will characterize heavy metals toxicity towards earthworms with
2 criteria :

- LCS0 (50 lethal concentration) : toxic contaminant concentration
in medium killing 50 % of animals,

- LCS : contaminant concentration involving 5 % of mortality also
called the smallest concentration having an effect on earthwomrs.

All concentrations will be expressed proportionate to pollutants
and substrate dry weights.

For the determination of these 2 concentrations, we find out
animals mortality for differnt contaminant concentrations in medium.
Classical mathematical representation of this phenomenon in toxicology is
a sigmoid function from which it is difficult to get LCS0 and LCS.
However this function can be transformed into a linear function by the
log-probit model.

LOWY et al. (1980) give and discuss the main characteristics of
this model. At each contamiant concentration we associate probability to
get no effect with this concentration (surviving) transformed in probit
unit (see Annex T).

Normally six values are necessary to get the regression line : 4
values for intermediary mortalities and 2 values for extreme mortalities
(null and total).

If we observe dead animals in the blank and take into account only
mortality involved by contaminant we calculate the corrected mortality.

Pq - Po
P'q =
1 - Pg
P'g = corrected mortality

Po observed mortality in blank
Pg obsvrved mortality after treatment

The blank mortality must not exceed 10 % to give a valid
correction.

Then corrected mortability is changed into corrected surviving (100
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% minus % mortality) and probit units according to the table given in
Annex 1.

Once concentrations values are obtained in *"log” and surviving
percentages in "Probit" we calculate the regression line equation and
correlation coefficient. A test of this coefficient enables to know the
significant level

F=r\-2

r : correlation coefficient
n : data number

Calculated F coefficient value is compared with theoritical F value
in Fischer-Snedecor table (in Annex 2). We get then the significant
level. We will accept the results if it is lower than 5 §.

thus, we have a mathematical model : log-probit model to find out
LCS6 and LCS5 and to class the test poliutants according to these 2
factors.

II1.3. Toxicity of studied contaminants
(Cd, Cu, Hg and As)

To determine intermediary lethal range for the stugies
contaminants, we must firstly carry out a preliminary test i.e. a first
test series with concentrations for instance of 10, 100, 1006 and 10000
ppm.

A second test series in a more restricted range according to the
results of the first one will give us intermediary values (we choose the
highest giving 0 % mortality and the lowest giving 100 % mortality to
carry out the second test). Generally, we must prepare so many series as
necessary to get enough intermediary values (3 to 4 values between 10 and
90 8 mortality}.

Besides each concentration must normally be repeated 4 times
according to the standard but we have only prepared it once lacking of
mater:als (Balls and plastic boxes). The fact to use repeatidly the same
standardized medium, with a restriction of concentrations and to use
precise mathematical fittings increase in another point of view the
confidence on results.

I11.3.1. Preliminary tests

Thus, we carried out preliminary tests. The percentages of
mortality are presented in following table (Table 4) for the different
contaminants and their concentrations in "Artisol* medium (10, 100, 1000
and 10000 ppm).

_—————
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CONCENTRATIONS
CONTAMINANTS 10 PPM 100 PPM 1000 PPM 10000 PPM
Cu O % 70 4 100 7 -
As o o % 100 % —
Hg o % 20 7 100 “ -
Cd - (oA S0 Y 100 Y

Table 4 : RESULTS (7 of earthworms mortality) OF
PRELIMINARY TESTS OF 06-16-87 (2 WEEKS)

I11.3.2. Complementary tests

a) Mercury toxicity studies

Two tests has been carried out for mercury : 07-08-87 test (2 weeks

length) and 09-02-87 test (4 weeks length). Results are shown below
(tables 5 and 7).

* 07-08-87 test (2 weeks length)

ARTISOL CONC. jloae OF ARTISOL! SURVIVING (N)| PERCENTARGE P PROBIT
IN PPM OF CONC. IN PPM WORMS NUMBER OF MORTRLITY
DRY WEIGHT OF DRY WEIGHT AFTER 14 DAYZ| P=(l10-N)%10% VALLE
O PPM - 10 [CI% 11
1 PPM o PPM 10 O 11
& PPM 0.778 PFPM 10 (VA 11
36 PPM 1.556 PPM 10 (SIS 11
216 PPM 2.334 PPM 4 60 W 4,745
1296 PPM 3.113 PPM o 102w -1

Table 5 : RESULTS OF MERCURY TEST OF 07-08-87 (& WEEKS LENGTH)

We draw these results on a graph : Probit values function of the
medium concentration logarithm (see figure 4). Then we find out the
regression line between all points (see following table 6)
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REGRESSION LINE Y = -7.707 X + 22.906
EQUATION (with 36,216, 1296 ppm)
CORRELATION
COEFFICIENT (r) r = -0,999
CORRELATION (n=3) t = (|P$4n-2)/(41-r2)
COEFFICIENT TEST t = 40.30 (d.of.f=n-2=1)
LC SO0 IN PPM OF 210.546 PPM
DRY WEIGHT ARTISOL % 211 PPM
LC S IN PPM OF 128.801 PPM
DORY WEIGHT ARTISOL X% 129 PPM
Table & : RESULTS ANALYSIS OQOF MERCURY TEST
OF 07-08-87 (2 WEEKS LENGTH)
Linear regression gives a high correlation coefficient r = 1.

However, it has been calculated with only 3 points whereas 6 would have
been necessary. Besides, correlation coefficient test unables to deduct
from t distribution table for one degree of freedom (see Annex 3 ) that -
this test is significant with a probability p < 0,025, i.e. with an error
risk a < 2.5 §&.



* 09-02-87 test (4 weeks length)

12

ARTISOL CONC. |log OF ARTISOL | SURVIVING (N)| PERCENTAGE P PROBIT
IN PPM OF CONC. IN PPM WORMS NUMBER OF MORTALITY
DRY WEIGHT OF DRY WEIGHT AFTER 28 DAYS| P=(10-N)%10% VALUE
O PPM - 10 o v 1L
40 PPM 1.602 PPM 10 o 11
80 PPM 1,903 PPM 10 o Y 11
160 PPM 2.204 PPM 9 10 6.282
320 PPM 2.505 PPM [} 40 Y 5.253
640 PPM 2.806 PPM 0O 100 - i
1280 PPM 3.107 PPM o} 100 7 -1
Table 7 : RESULTS OF MERCURY TEST OF 09-02-87 (4 WEEKS LENGTH)

These results are drawn on a graph (see fig.4 ) and the linear line
is calculated (see below table 8).

REGRESSION LINE
EQUATION

Y =

-12.302 X + 34.349

(with 80, 160,320,640 ppm)

CORRELATION
COEFFICIENT (r)

r = -0.968

CORRELATION (n=4) t = (lgérﬁfz)/(iIfF?)
COEFFICIENT TEST t = 5. (d.of.f=n-2=2)
LC 50 IN PPM OF 243.05 PPM

DRY WEIGHT ARTISOL x 243 PPM

LC S IN PPM OF 178.64 PPM
DRY WEIGHT ARTISOL % 179 PPM

Table 8 : RESULTS ANALYSIS OF MERCURY TEST
OF 09-02-87 (4 WEEKS LENGTH)
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Correlation coefficient shows a very high correlation between
mortality and mercury concentration in "Artisol" medium because r > 0.95.
Moreover, t test indicates, for two degrees of freedom that correlation
is significant with a probability p < 0.05 because t > 4.303 (error risk
a<s5s\yw.

Obviously from these 2 mercury toxicity tests (lengths : 14 and 28
days), we can notice that mercury LCS50 is about 230 ppm and that LCS
values (about 150 ppm) are not very far from LCS50 values because of high
regression line slopes.

It would have been interesting to do again test, to get more points
for the regression line (at least 4 intermediaty points). It would have
been necessary to proceed again between 100 and 600 ppm (for instance
100, 200, 300, 400, 500 and 600 ppm). However, we have not time enough to
do it.

b) Arsenic toxicity study
A first complementary test (07-08-87, 2 weeks length) has been
necessary for Arsenic to reduce the range to study to 100 to 200 ppm (see

following table 9)

* 07-08-87 test (test length : 2 weeks)

ARTISOL CONC.| SURVIVING (N)| PERCENTAGE P
IN PPM OF WORMS NUMBER OF MORTALITY
DRY WEIGHT AFTER 14 DAYS| P=(10-N)X10%

O PPM 10 [OIA
100 PPM 10 (SR
200 PPM 0o 100 7
400 PPM o) 100
800 PPM o] 100

1600 PPM O 100 %

Table 9 : RESULTS OF ARSENIC TEST OF
07-08-87 (2 WEEKS LENGTH)

After this test, we carried out 4 other toxicity tests of 1 to 4
respective lengths and for concentrations in arsenic between 100 and 200
ppm. Test results are presented in the following table 40.

o
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14
* 05-10-88 tests (test length : 1, 2, 3 and 4 weeks)
ARTISOL CONCENTRATION (o} 100 120 140 170 200
IN PPM OF DRY WEIGHT PPM PPM PPM PPM PPM PPM
log(CONC.) IN PPM - 2 2.079 2.146 2.230 2.301
SURV. WORMS NUMBER (1W) 10 4 3 1 [¢) (o]
PERCENTAGE OF MORTALITY o 7 60 7. 70 A 90 Y 100 % 100 %
PROBIT VALUE 11 4.746 4.476 3.178 -1 -1
SURV. WORMS NUMBER (2W) 10 8 0] e} [¢] o}
PERCENTAGE OF MORTALITY (O VA 20 4 100 % 100 ¥ 100 % 100 %
PROBIT VALUE 11 5.842 -1 -1 -1 -1
SURV. WORMS NUMBER (3W) 10 s 4 1 [8) 0]
PERCENTARGE OF MORTALITY o 50 % 60 4 30 “ 100 7 100 *
PROBIT VALUE 11 S 4.746 3.718 -1 -1
SURV. WORMS NUMBER (4W) 10 3 1 2 o) 0
PERCENTAGE OF MORTALITY oA 70 Y 90 4 80 100 7 100 %
PROBIT VALUE 11 4.476 3.718 4,158 -1 -1
Table 10 : RESULTS OF ARSENIC TESTS OF 05-10-88
OF 1,2,3 AND 4 WEEKS LENGTHS
These results are drawn on figure 5.
Their analysis enable to set up another table (see below, table
11).

ANALYSED REBRESSION CORRELAT. {CORRELAT. LC 80 IN] LC S5 IN
PRARAMETERS LINE COEFFIC. COEFFIC.| PPM DRY PPM DRY
TEST DATES EQUATION (r) TEST (t) |WEIG. ART|WEIG. RART

05-10-88 )Y = -24.102X+53.930) -0.876 2.565 107.182 91.594

(1 WEEK) [|100,120,140,170 ppm d.of.f=2 = 107 = 92

05-10-688 |Y = -86.33X+1768.478 - - 102.211 97.824
(2 WEEKS) 100 and 120 ppm = 102 = 98

05-10-88 |Y = -25.435X+56.880| -0.6889 2.741 109.567 94,407
(3 WEEKS8) {100,120,140,170 ppm d.of.f=2 = 110 = 94

05-10-88 |Y = -21.62X+48.537 -0.820 2.029 103.216 86.628
(4 WEEKS) }100,120,140,170 ppm d.of .f=2 % 103 = 87

Table 11 :

REBULTS ANALYSIS OF ARBENIC TESTS OF

05-10-88 OF 1,2,3 AND 4 WEEKS LENBTHS
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In the 4 tests carried out, only the second one (2 weeks length)
seems doubtful because its results are different from the other three.
The line is calculated with only 2 values (100 and 120 ppm), which is not
very satisfying. In the other tests, we obtain correlation coefficients
showing high correlation between mortality rate and medium concentration
in arsenic because 0,7 < r < 0,95. This correlation is lower than for
mercury tests, probably because toxic concentrations range is shorter for
arsenic (from 100 to 170 ppm in As) than for mercury (36 to 1296 ppm in
Hg and 80 to 640 ppm in Hg).

From t distribution table for 2 degrees of freedom, t student
coefficient shows that error risk to consider there is a correlation
between variables (medium concentration in arsenic and mortality rate) is
about 15 %.

In spite of this high ricsk, we find LCS0 and LCS values very few
scattered (LCS0 : 107, 110, and 103 ppm ; LCS : 92, 94 and 87 ppm -
average of about 107 ppm for LCS0 and 91 ppm for LCS). These values are
very close because of the high slope absolute value (a) in the regression
lines equations. To check these values, it would be interesting to carry
out tcsts again in a range from IC to 170 ppm, foi instance : 10, 20, a0,
80 and 160 or 170 ppm).

c) Cadmium toxicity study
A first complementary test (07-08-87 test, 2 weeks length) has been
done to find out the best range for cadmium to study (see following table

12)

* 07-08-87 test (2 weeks length)

ARTISOL CONC.| SURVIVING (N)| PERCENTAGE P
IN PPM OF WORMS NUMBER OF MORTALITY
DRY WEIGHT AFTER 14 DAYS| P=(10-N)%10%

O PPM 10 o
100 PPM 10 o
300 PPM 10 o
300 PPM 10 o

2700 PPM 0] 100 ¥
8100 PPM o] 100 7.

Table 12 : RESULTS OF CAOMIUM TEST OF
07-08-87 (2 WEEKS LENGTH)




16

After this test, we made 4 others of 1 to 4 weeks length and for
cadmium concentrations in Artisol of 600 to 2100 ppm, to know more
precisely toxicity of this metal (see results in following table 13).

* cadmium tests

11-26-87 test :
11-24-87 test :
11~24-87 test :
11-23-87 test :

week length
weeks length
weeks length
weeks length

- oW N

ARTISOL CONCENTRATION 0 600 300 1200 1500 1800 2100
IN PPM OF ORY WEIGHT PPM PPM PPM PPM PPM PPM PPM
4 lag (CONC.) IN PPM - 2.778| 2.954| 3.079} 3.176| 3.255| 3.322
s SURV. WORMS NUMBER (1W) 10 10 10 10 9 2 o)
PERCENTAGE OF MORTALITY o o % o o Y 10 % 80 % 100 %
3 PROBIT VALUE 11 11 11 Li 6.282| 4.158 -1
SURV. WORMS NUMBER (2W) 10 10 10 8 8 1 0
PERCENTAGE OF MORTALITY o v o (oA 20 7 20 7 90 7 100 7.
PROBIT VALUE 11 11 i1 S.842f 5.842( 2.718 -4
SURV. WORMS NUMBER (3W) 10 10 10 6 (o) 2 o)
PERCENTAGE OF MORTALITY o o7 o 40 4 100 7| 80 % 100 ¥
PROBIT VALUE 11 11 11 5.253 -1 4.158 -1
SURV. WORMS NUMBER (4U) 10 10 ) 8 1 1 1
PERCENTAGE OF MORTALITY o (o JVA S0 7 20 4 30 7 90 Y 90 V.
! PROBIT VALUE 11 11 ) 5.842| 3.7i8( 3.718| 3.718

Table 13 : RESULTS OF CADMIUM TESTS OF 11-87 (23,24 & 26)
GF 1,2,3 AND 4 WEEKS LENGTHS
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Figure 6 has been drawn from this table.
Result analysis is shown in following table (table 14).

ANALYSED REGRESSION CORRELAT. |CORRELAT.| t€C S0 IN] LC S IN
PARAMETERS LINE COEFFIC.| COEFFIC.| PPM DRY PPM DRY
TEST DATES EQUATION (r) TEST (t) {WEIG. RRT|WEIG. ART

11-26-87 |Y = -46.809X+155.272]| -0.985 7.940 1623.12 1496.9S5

(1 WEEK) |1200,1500...2100 ppm d.of.f=2| = 1623 = 1497

11-24-87 Y = -28.212X+94,.150| -0.947 5.089 1445.61 1263.98
(2 WEEKS) 900,1200...2100 ppm d.of .f=3] = 1446 = 1264

11-24-87 Y = -28.680X+94,229; -0.833 2.610 1291.97 1132.12
(3 WEEKS) 900,1200...2100 ppm d.of.f=3| = 1292 = 1132

11-23-87 Y = -12.297X+43.547] -0.877 3.656 1363.34 1001.93
(4 WEEKS) 620,920.,..210° pem d.cf.P14l x~ 1363 l = 1002

Table 14 RESULTS ANALYSIS OF CARDMIUM TESTS OF 11-87

(23,24 & 26) OF 1,2,3 AND 4 WEEKS LENGTHS
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Correlation coefficients express a very high correlation between
medium concentration in cadmium and percentage of earthworms mortality,
for 1 and 2 weeks length tests because r is near 0,95 or superior, and a
high correlation for the 2 other tests (3 and 4 weeks length) because
0,70 < r < 0,95.

Significant points are obtained by t values. We can find ihem with
t distribution table for corresponding degrees of freedom (see Annex 3).
For 1,2 and 4 weeks length tests significant point is between 1 and 2,5 %
which is good, whereas for 3 weeks length test, it is between 5 and 10 §,
which is not so good level because it is greater than 5 t. Cadmium LCS0
is probably near 1400 ppm or in any case between 1400 and 1500 ppm. The
regression lines slopes being important, there will not be a great
difference between LC50 and LCS5. It is really what we notice in previous
table.

d) Copper toxicity study

Complementary tests are necessary to know copper toxicity (tables
1% and 17).

* 07-08-87 test (2 weeks length)

ARTISOL CONC.|log OF ARTISOL| SURVIVING (N)| PERCENTRGE P PROBIT
IN PPM OF CONC. IN PPM WORMS NUMBER OF MORTALITY
DRY WEIGHT OF DRY WEIGHT AFTER 14 DAYS| P=(10-N)%X10% VALUE
O PPM - 10 o 7 11
10 PPM 1 PPM 10 o 11
30 PPM 1.477 PPM 8 20 4 5.842
90 PPM 1.954 PPM 7 30 % S.524
270 PPM 2.431 PPM 2 80 4.158
810 FPPM 2.908 PPM o} 100 7 -1
Table 1S5 RESULTS OF COPPER TEST OF 07-08-87 (2 WEEKS LENGTH)

These results are used to draw regression line (see figure 7) which

characteristics are given in table below (table 16).
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REGRESSION LINE Y = -5.384 X + 15.626
EQUATION with 10,30,%90,270,810 ppm
CORRELATION
COEFFICIENT (r) r = -0.946
CORRELATION (n=5) t = (ér&ln-z)/(JI-PE)
COEFFICIENT TEST t = §.079 (d.of.f=n-2=3)
L.C S0 IN PPM OF 94,07 PPM
DRY WEIGHT ARTISOL % 94 PPM
LC 5§ IN PPM OF 46.55 PPM
DRY WEIGHT ARTISOL x 47 PPM
Table 16 : RESULTS ANALYSIS OF COPPER TEST
OF 07-08-87 (2 WEEKS LENGTH)
Correlation coefficient is close to - 0.95. Thus, we can consider
the correlation is very high. Moreover, we find with t distribution table
for 3 degreees of freedom (see annex 3) that significant point is between
1 and 2.5. %. Besides we can notice that LC5 (47 ppm) is exactly half
LCS50 (94 ppm).
* 02-22-88 tests (1, 2, 3 and 4 weeks length)
We carried out previous test again (same concentrations) for
different lengths, to study time influence on earthworm mortality (table
17).
ARTISOL CONCENTRATION (o] 10 30 0 270 810
IN PPM OF DRY WEIGHT PPM PPM PPM PPM PPM PPM
log(CONC.) IN PPM - 1 1,477 1.954 2.431 2.908
SURV. WORMS NUMBER (ilW) 10 10 10 9 2 1
PERCENTAGE OF MORTALITY o Y o Y o Y 10 “ 80 Y 90 Y
PROBIT VALUE 11 11 11 6.282 4,158 3.718
SURV. WORMS NUMBER (2W) 10 10 10 9 2 1
PERCENTAGE OF MORTALITY o % o Y o % 10 7 80 7 90 Y
PROBIT VALUE 11 11 11 6.282 4,178 3.718
SURV. WORMS NUMBER (3W) 10 10 10 3 2 3
PERCENTAGE OF MORTALITY o % [ IA Cc 10 % 80 Y 70 7
PROBIT VALUE 1L 11 11 6.282 4,158 4.476
SURV. WORMS NUMBER (4W) 10 10 10 6 o} 2
PERCENTABGE OF MORTALITY Q v Qv [ VA 490 Y 100 80
PROBIT VALUE 11 11 11 5.283 -1 4.158

Table 17 :

RESULTS OF COPPER TEST OF 02-22-88

OF 1,2,3 AND 4 WEEKS LENGTHS
- .
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Data has been drawn on figure 8.
Their analysis give following results (table 18).

ANALYSED REGRESSION CORRELAT, |CORRELRT. LC 50 IN| LC S IN
PARAMETERS LINE COEFFIC.| COEFFIC.| PPM DRY PPM DRY
TESBT DATES EQUATION (r) TEST (t) |WEIG. ART|WEIB. ART

02-22-88 Y = -5.025X+17.307| -0.928 3.528 281.26 132.36

(1 WEEK) |30,90,270 & 810 ppm d.of.f=2 = 281 = 132

02-22-88 Y = -5.025X+17.307| -0.,928 3.528 281.26 132.36
(2 WEEKS) |30,90,270 & 810 ppm d.of.f=2 = 281 = 132

02-22-88 Y = -4,548X+16.451| -0.688 2.724 329.36 143.22
(3 WEEKS) |30,90,270 & B10 ppm d.of.f=2 = 328 = 143

02-22-88 Y = ~5.614X+17.162| -0.702 1.395 146.65 74.69
(4 WEEKS) |30,90,270 & 810 ppm d.of.f=2 = 147 = 75

Table 18 RESULTS ANRLYSIS OF COPPER TESTS OF
02-22-88 OF 1,2,3 AND 4 WEEKS LENGTHS
Correlation is good for first and second tests (r = -0,93) but not

as $0 good for the 2 others (3 and 4 weeks).

eliminated because their significant point

is not at
In

ppm for LCS50 and from 75 to 132 ppm for LCS).
the same ratio between LC5 and LCS0 (LCS0 =
with different values (LCS0

all satisfying.
first

instead of 47 ppm).

and second tests,

a risk

In fact,

is

2 LCS) than
281 ppm instead of 94 ppm and LCS =

between 5 and 10 &.
explains the great variability of LC50 and LCS results (From 147 to 329

However,

the last 2 must be
is between 10 and 40 % which

It

we notice about
in 07-08-87 test
132 ppm

It would be necessary to carry out another test with copper, of two -
weeks length only because results seem not to be very significant beyond

2 weeks.

Actually,

for

test or maybe the lack of food in “"Artisol".

The different chemicals tested
2,5H30 are

cdcly,

II1.3.3. Conclusion

toxic

for

earthworms.

CuCly,

carried out are regrouped in table 20.
We can notice that there are several tests which significant point

is superior to S5 %, what

For

mercury, both

LCS50 and LCS mean values.

On the other bhand,
however,
values.

At least,

arsenic

tests

2H,0 ;
Results

are

after a determined time other factors can
instance dead earthworms decomposition staying in medium during all

of

‘

not very

NaAsQOp
different

interfere like

is generally considered as not significant.
tests are significant,

significant

HgCly and
tests

then we will calculate

.
H

values are very few scattered and we will also calculate mean

for copper and cadmium,

we will choose the 3 tests the
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most significant to calculate LC50 and LCS.
Results are presented in following table (table 19).
TOXIC LC SO LC s log (LC 50)
ELEMENTS IN PPM IN PPM IN PPM

As 106 PPM 93 PPM 2.025 PPM

Cu 219 PPM 104 PPM 2.340 PPM

Hg 227 PPM 154 PPM 2.356 PPM

Cd 1477 PPM 1254 PPM 3.169 PPM

Table 19 : LETHAL CONCENTRATIONS 50 4 AND § %
FOR THE OIFFERENT TOXIC ELEMENTS

Toxicities represented by LC50 extend from 106 ppm to 1477 ppm.

In toxicology, we generally regroup products by toxicity class
- class I : overy toxic products @ Jog{LC30) < I

- class II : toxic products : 1 < log(LCS0) < 2
~ class III : low toxic products : 2 log(LCS0) < 3
~ class IV : very low toxic products : log(LC50) > 3

According to this classification, none of the tested products are
in class I or 1II. We have principally low toxic products (As, Cu and Hg)
and a very low toxic product : cadmium (class 1IV).

I1f we compare LCY, classification is exactly the same that is to
say arsenic is the most toxic product followed by copper and mercury, and
at least cadmium. However, to confirm these conclusions, it will be
necessary to carry out some tests again. Then, we could get more points
to draw regression line and reduce significance level (case of arsenic
for instance and copper). Moreover, with biological material, we must
have a sufficient sample size if we want to get significant results.
Thus, it would be necessary to repeat the same tests 4 or 5 times to have
samples of 40 or 50 earthworms instead of 10 in the tests we carried out.
It has not been possible because of lack of time and material. Thus, it
would be necessary to continue experiments. Besides, it seems not to be
useful to prolonge test for a month to get lethal concentrations (LC50
and LC5) and 14 days length is probably sufficient to appreciate acute
toxicity of a product, which also represents time safe.

1IV. METAL ANALYSIS IN EARTHWORMS

After toxicity tests described previously, we have analysed metals
absorbed by earthworms during tests. For technical and economical
reasons, discussed before, we have limited analysis to cadmium and copper
only. We will firstly present experimental results and we will then
discuss them for cadmium and copper.

.

IV.1. Results presentation

Results are regrouped in this report in annex 4. They are divided
into 2 parts : ’

- weight data,

- concentration data for cadmium and copper.




Table 20

RECAPITULRTIVE TRBLE OF RESULTS
OF TOXICITY TESTS (Hg,Rs,Cd,Cu)

22

TOXIC TESTS TESTS LC SO LC & S8IGNIFICANCE LEVEL
ELEMENTS DATES LENGTHS IN PPM IN PPM OF TESTS
MERCURY 07-08-87| 1 WEEK 211 129 1 72 <a <¢2.5
MERCURY 09-02-87] 4 WEEKS 243 179 2.5 4 <a(
RRSENIC 05-10-88| 1 WEEK 107 sz 10 Z < a <
ARSENIC 05-10-688| 2 WEEKS 102 98 _—
ARSENIC 05-10-88| 3 WEEKS 110 94 10 X < a <
ARSENIC 05-10-88| 4 WEEKS 103 87 a = 10
CRDMIUM 11-26-87( 1 WEEK 1623 1497 1 % <¢a <
CADMIUM 11-24-87| 2 WEEKS 1446 1264 1 7 <al
CROMIUM 11-24-87{ 3 WEEKS 1292 1132 57 <Ca <«
CAOMIUM 11-23-87| 4 WEEKS 1363 1002 1 72 <a(l
COPPER 07-08-87] 2 WEEKS S4 47 1 7 <a 2.8 %
COPPER 02-22-88) 1 WEEK 281 132 S Z <a <10 x
COPPER 02-22-88| 2 WEEKS 281 132 S Z <a <10 «%
COPPER 02-22-88| 3 WEEKS 329 143 10 Z < a < 20 %
COPPER 02-22-88| 4 WEEKS 147 75 10 # < a < 20 %
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They are classed by date and test length. In each series, samples
are numbered (with 10 characters number).

Right part of the number (behind point) indicates contaminant box
from which sample comes (for instance, Cd900 means that this sample is
issued from contaminated box with 900 ppm of cadmium. When this part
presents the French word "blanc" the sample comes from an "uncontaminated
box*® which is actually the reference. The word “stock" indicates that
samples are coming from background earthworm stock. This is the reason
why test length mentionned for these samples is 0 week).

The left number part (before point) is used to distinguish
different samples coming from the same box (V for earthworms and 01, 02,
03 for the different samples).

Each sample contains in general 2 earthworms for analytical
reasons. In fact, sample weight must be high enough. Only surviving
earthworms in toxicity tests have been analysed except for a few (1 week
test of 02-22-88) because dead earthworms are generally decomposed or
half decomposed to be taken off the medium. Some samples contain only one
earthworm when it is the only surviving or when it is a very big one.
They are annotate with a special sign ( a star) near their numbers.
Others are composed of 3 earthworms (special sign : 0). In all other
cases (not mentioned) there are 2 earthworms in each sample.

IV.2. Weight data analysis

For each sample, we find out wet and dry weights and the percentage
in water.

Results analysis is shown in table 21.

For each series, and for the 3 kinds of data (wet weights, dry
weights and percentage in water), we have calculated means, standard-
deviations and confidence intervals.

Results have been devided by earthworms total number in the serie
(n).

Means has been calculated as follow
2 dry or wet weight (in mg)
For dry and wet weights X =

n

For percentage in water X}: Zani Pi (%)

n
with :
nj : earthworms number in sample i
n = nj

Pji : percentage in water in sample nj

Standard deviation is represented by Sx or Sxp

Z(Xp - X)2

n

Confidence interval of mean is given by
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Sx t - - Sxt
X - 1- « /2 <X<X* 1- /2
v '}
where t; - /2 represents variable given by student table for n-1

degrees of freedom as

prob [lt')tl - u/z] = oK

if we refer to t distribution table in Annex 3, we see that if we
choose a risk « of 5 %, t; - o 3 value is near 2, for degrees of freedom
corresponding to our series (37 € d of f £ 49). Thus we took the same
value (2) tc calculate all confidence intervals. Results table of page
shows that earthworms water content in percentage is pretty constant.
Actually if we consider the whole series, mean value is between 82.83 %
and 85.39 . We find that it is near 84 V4 if we do average of the 10 Xp
values, with a standard-deviation of about 1.3 $. Taking into account
the small inaccuracy resulting from manipulation (mucus losts) this
result indicates a good water control in Artiscl. This table also shows a
variability of wet and dry weights between the different series. This oune
is maybe due to the lost of earthworms weight during tests in consequence
of the lack of food in medium.

However we have not got precisely weight data before tests. Then,
we cannot conclude and there is probably also a variability because of
series difference (for instance : series 02-22-88 (2 weeks) and 02-22-88
(3 weeks) : mean weight after 2 weeks test is lower than the one after 3
weeks test).

Besides earthworms from background stock have probably changed
(evolution of nutritional availability in manure compost heap).

They could grow fatter or thinner : we brought dung only once in
April 1987.

However, it seems that our earthworms have a wet weight between 260
mg and 315 mg and a dry qeight between 42 mg and 53 mg if we take into
account series 02-26-88/0W, 11~26-87/1W and 02-22-88/1W which are mean
weights of background earthworm stock at the end of february 1988 (series
0 week), after one week test with cadmium (series 11-26-87/1W) and after
one week test with copper (02-22-88 series/1W).

At least we notice that standard deviation of wet and dry weights
in copper tests of 02-22-88 at 2, 3 and 4 weeks is more important thant
in other tests.

IV.3. Concentration data analysis

Iv.3.1. Cadmium

In a first part, we will analyse cadmium cocnetration results of
background earthworms stock. Then, we will study metal absorption
according to medium concentration and tiwme.

IV.3.1.1. Results analysis of background stock

Analysis has been made for 23 samples of 2 earthworms in each. They
have been taken at random in our reserve : earthworms background stock.
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Earthworms have been cleaned and put during 2 days in uncontaminated
artisol wmedium similar to the blank of toxicity tests. The average of
these 46 earthworms give a concentration value of about 6 ppm and a
standard deviation of 4.3 ppm. Then, for a level « of 5 A\, confidence
interval is represented by

6.09 - 23t L X < 6090 2318 Ly
V%6 56
from student table (annex) for 45 deqrees of freedom (n - 1) we find :
t1-0,025 = 2.014
so

6.09 - 1.28 < X < 6.09 + 1.28

Then mean cadmium concentration of earthworms background stock at
the end of February 88 was about between 4 and 8 ppm. Actually, this
value seems to be generally the level in media considered as
uncontaminated. It would have been interesting to follow cadmium
evolution in time of the background stock specially before and after each
adding (for instance adding of dung).

Iv.3.1.2. Stddy of cadmium absorption by earthworms depending
on medium councentratiun

A) 07-08-87 test (2 weeks)

The statistical analysis of tests results is presented in following
table 22.

Cd MEDIUM NUMBER OF MEAN [Cd] IN| STANDRRD |CONFIDENCE INTERVAL
CONCENTRATION| EARTHWORMS| EARTHWORMS DEVIATION RISK a = 5 X
0 PPM 6 163 PPM 38 PPM 129.11 - 208.89
100 PPM 8 390.25 PPM 24.74 PPM 369.56 - 410.94
300 PPM S 479.6 PPM 9.31 PPM 468.04 - 491.16
900 PPM 6 560.5 PPM 24.5 PPM 534.78 ~ 586.22

Table 22 : STATISTICAL ANALYSIS OF CADMIUM TEST
OF 07-08-87 OF 2 WEEKS LENGTH

We can see that 0 cadmium level in earthworms is high over the
background stock one of the end of february 88 because it is 169 ppm
instead of 6 ppm. This high value is very surprising because in the same
medium this figure was observed once, few time after the adding of dung.
A temporary high biocavailability seems the hypothetical interpretation of
this fact.

If we draw these mean results on a graph (figuré 9) we notice that
earthworm concentration increases, when medium concentration also
increases but it reaches very quickly a step of avout 600 ppm. Earthworms
accumulate cadmium for small concentrations and get saturated at a
determined concentration in medium (about 900 ppm). We can ajust this
curve with a double exponential function : y = k(1 - e aXtb _ o cx+d,
(see figure 9) where k represents step value (k ® 572 ppm) towards which
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function goes when medium concentration increases.
B) tests of 11-23, 24 and 26-87 (1, 2 3 and 4 weeks)

Analysis of these tests results is presented in table 23. We have
also determined residual cadmium concentration in Artisol (blanck). This
one is very low because its mean on 4 samples is only 3.25 ppm with a
standard deviation of 0.83 ppm (confidence interval with 5 % risk : 1.93
ppm—4.57 ppm).

In the first series we can draw a regression line between all
experimental points. We get a pretty good correlation between points : r
= 0.93. Line equation obtained is : y = 0.38x - 9.47
x represents artisol concentration in ppm and y earthworm concentration,

We have eliminated V01Cd1500 sample value because it is very
different of other sample values.

This earthworm was very swelled out and was certainly not in a
biological condition similar to other samples.

Because of the great results dispersion in some tests, specially in
2 and 4 weeks tests, we made a variance analysis. 1t has been carriea out
with the four tests results and media concentrations from 600 to 2100 ppm
(see table 24).

We notice in observing Fp values in table 24 that they are superior
to those given by Snedecor table (see Annex 2) in the 1 and 2 weeks tests
and inferior in the 3 and 4 weeks tests. It means in the first case (Fp <
Fp (VA, Yr) that medium concentration has an influence on results whereas
it has not in the second case (Fp > Fp (Va, VR) for probability level
chosen : 99 §&.

Error risk, i.e. to accept the absence of relation between media
concentrations from 600 to 2100 ppm and earthworms concentrations in 3
and 4 weeks tests whereas it does exist, is inferior to 1 %.

We can say, with a good probability that, from 3 weeks test,
earthworms have the same concentration, whatever are media between 600
and 2100 ppm.

It seems normal because in media of lesser concentration earthworms
could accumulate after a determined time (> 2 weeks) the same cadmium
quantity than in more concentrated media.

This explains why relation is approximately linear the first week
then curve has a greater slope the second, third and fourth weeks to
approach quickly a step (see figure 10). We adjust 2nd, 3rd and 4th weeks
curves with double exponentials which confirm previous results indeed for
the 3rd and 4th weeks because we get the step from very low
concentrations (from S50 ppm). Anyway, these conclusions would be
necessary to verify.

For this, we should have prepared media of concentrations between 0
and 600 ppm in 3 and 4 weeks tests in order to see if extrapolation with
calculated curve between 0 and 600 ppm, is correct.

1V.3.1.3, Study of cadmium absorption by earthwomrs depending
on time

We took back tests data of 11/23-24 and 26/87 to draw a graph for
different times (mean values and confidence interval in ppm, in brackets)
(table 25).
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Table 23 : STATISTICAL ANALYSIS OF RESULTS OF CAODMIUM TESTS
(11-23,24 & 26-87) OF 1,2,3 AND 4 WEEKS8 LENGTHS
S8ERIES 0 PPM |600 PPM}900 PPM|1200 PPM|1500 PPM|1800 PPM|2100 PPM
11-26-87/1W
EARTH. NUMB(N) 10 10 10 8 8 2 J—
X MEAN 1.60 {246.40 335 309.25 599.50 853 J—
STAND.DEV. 1.50 37.78 23.39 30.30 60.95 J— —_
0.53 |219.40 }[313.98 283.91 0 JR— R
X1<X MEAN<X2 2.67 |273.40 |356.02 334.59 650. 46 —_— —_—
z X 16 2464 3350 2474 4796 1706 —_
T X= 48 621404 |1130886| 772430 2904920| 1455218 —
11-24-87/2W
EARTH.NUMB(N) 10 10 10 a8 8 1 —_
X MEAN 5.40 390.60} 516.60| 507.50 491 448 J—
STAND.DEV. 0.80 56.89| 103.83| 119.23 166.37 —_ —
4.83 349.91| 442.33| 407.80 351.89 — —_—
X1<X MEAN<X2 5.97 431.29| 5%0.87| 607.19 630.11 — —_
z X 54 3906 5166 4060 3928 896 P
z X= 298 1558050(2776554 217417v2| 2150068| 401408 —_
11-24-87/3W
EARTH.NUMB(N} 10 10 10 6 —_ 2 —_
X MEAN 14 479.80| 469.20| 466.67 — S64 J—
STAND.DEV. 3.58 32.22 63.59 19.69 —_— 57 J—
11.44 456.75| 423.71 446 — S1.88 —_
X1<{X MEAN<(X2]8 13.56 502.85] S514.69| 487.34 —_ 1076.12 —_
z X 140 47398 4692 2800 —_ 1128 _
Iz X= 2088 2312462|2241928| 1308992 _ 642690 —
11-23-87/4W
EARTH.NUMB(N) 11 10 5 B8 1 1 1
X MEAN 15 631.60] 794.40) B814.386 686 800 600
STAND.OEV, 4.67 108.69 16.26| 124.04 —_ — —
11.86 563.85| ?74.21] 710.66 — J— —_—
X1<X MEAN<X2] 18.14 709.35] 814.59| 918.10 _— — —_
Z X 165 6316 397e 6515 686 800 600
I x= 2715 4107320|3156678| S5428737| 470596 640000 360000
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Mean cadmium concentration in earthworms
FOR DIFFERENT CADMIUM CONCENTRATIONS IN “ARTISOL®
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3 x - 7.344 20'3))




T L4 — T T T - -7 v R A

30
TIME IN WEEK 0 1 2 3 4
ARTISOL ([Cd) WEEK WEEK WEEKS WEEKS WEEKS
600 PPM 9 PPM 246 PPM 391 PPM 480 PPM 632 PPM
(7 - 11) |(219 - 273)| (350 - 431)| (457 - 503)| (554 - 709)
900 PPM 9 PPM 335 PPM 517 PPM 469 PPM 794 PPM
(7 - 11) [(314 - 356)|(4492 - 591)|(424 - 515)| (774 - B815)
1200 PPM 9 PPM 309 PPM 508 PPM 467 PPM 814 PPM
(7 - 11) |(284 - 335)](408 - 607)| (446 - 487) (711 - 918)
1500 PPM 9 PPM 600 PPM 4391 PPM - 686 PPM
(7 - 11) | (S49 - 650)| (352 - 630) ( =) ( - )
1800 PPM 9 PPM 853 PPM 448 PPM 564 PPM 800 PPM
(7 - 11) (- (- (S2 -~ 1076) ( - )

Table 25 : CADMIUM CONCENTRATIONS IN EARTHWORMS FOR
DIFFERENT MEDIUM CONCENTRATIONS ANDO TIME

. Cadmium absorption by earihworms depending on Lime is very curious
(see figure 11). It seems to divide into 2 events. If medium
concentration is not very important (untill 1200 ppm) it appears that
earthworms absorb cadmium quickly, the 2 first weeks and then we have
inflexion of curves even with a little step between the second and the
third weeks to increase again after the third week. For higher artisol
concentrations (1500 and 1800 ppm), we get a peak after a week and then
the curves join other curves at the second week.

IV.3.2. Copper

We will do as in cadmium case, the analysis of copper concentration
results of background worm stock, then we will study absorption of this
metal depending on medium concentration and time.

IV.3.2.1. Results analysis background stock

Analysis has been done on the same 23 samples used for cadmium.
They ~ountain 2 earthworms coming from background stock, in each sample.
The average of these 46 earthwomrs gives a residual copper concentration
in earthwomrs of our stock at this date (end of february 88) of 12.36 ppm
with a standard deviation of 2,35 ppm.

Then, for a risk « of 5 %, confidence interval obtained is

2B Y wpp o KoL 12,264 23T
Vué V6

With student table (Annex. 3 ) we find for 45 degrees of freedom t1-
0,025 = tp,975 = 2.014

12.26 - 1- /2

So :
11.56 ppm < X <€ 12.96 ppm

We notice that standard deviation is smaller than in cadmium (2.3%
ppm instead of 4.3 ppm) but earthworms are more concentrated in copper
than in cadmium (about 12 ppm of copper and 6 ppm of cadmium). Thus, mean
copper concentration of background worms stock at the end of february
1988 was approximately between 11 and 13 ppm (between 4 and 8 ppm of Cd).

aa e a e -ALL.‘,AJ
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1V.3.2.2. Study of copper absorption by earthworms depending
on medium concentration

A) 07-08-87 test (2 weeks)

Statistical analysis of results is summed up in following table 26

Cu MEDIUM NUMBER OF MEAN [Cu)] IN| STANDARD |CONFIDENCE INTERUVAL
CONCENTRATION| EARTHWORMS| EARTHWORMS OEVIATION RISK @ = S X
0 PPM 6 8 PPM 1 PPM 6.95 - 9.05
10 PPM S 32.8 PPM 3.92 PPM 27.93 - 37.67
30 PPM 5 44.8 PPM 3.92 PPM 39.93 - 49.67
30 PPM 3 134 PPM J— _—
270 PPM 2 178 PPM — ‘::
| |
Table 26 STATISTICAL ANALYSIS OF COPPER TEST

0OF 07-08-8B7 OF 2 WEEKS LENGTH

These results dre drawn on a graph (figure 12)

We can again adjust the curve obtained with a double exponential
function. We get a step of about 188 ppm. It is probably the
concentration of earthworms saturation in copper. We notice that this
value is lower than cadmium step which is about 572 ppm after the same
time (2 weeks).

B) 02-22-88 test (1, 2, 3 and 4 weeks)

Statistical analysis of results is described in table 27. The
analysis of 3 Artisol samples (blank) gives a mean residual concentration
in copper of 1.67 ppm with a standard deviation of 0.47 ppm, confidence
interval at 5 % level is then

0.5 ppm € X < 2.84 ppm

Thus copper concentration of Artisol is approximately between 0 and
3 ppm whereas it is a little higher for cadmium because we find for this
metal that it is between about 2 and 5 ppm.

Mean results of 02-22-88 tests have been drawn on a graph with
their confidence interval they could have been adjust with double
exponential functions of the same kind as for cadmium (see figure 13)

y = k (1 - edXtb _ ecx+d)

The four constants k vary as for cadmium, with the length of test
but differently. They increase between the first and the second weeks
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Mean copper concentration in eapthworms
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Table 27 : STATISTICAL ANALYSBIS OF RESULTS OF COPPER TESTS
(02-22-88) OF 1,2,3 AND 4 WEEKS8 LENBTHS
SERIES 0 PPM 10 PPM 30 PPM 90 PPM 270 PPM| 810 PPM
02-22-88/1W
EARTH.NUMB. (N) 10 10 10 9 2 1
X MEAN 8.60 13.80 30 46.22 52.50 93
STANDARD DEV. 1.50 2.04 §.22 11.54 2.5%50 —
7.53 12.34 26.27 37.36 30.04 —_—
X1< X MERAN <X2 9.67 15.26 33.73 55.09 74.96 —
X 86 136 300 416 105 93
I X= 762 1946 9272 20426 5525 8649
02-22-88/2W
EARTH.NUMB. (N) 10 10 10 9 2 1
X MERN 1z.20 28.40 38.60 73.33 86.50 g0
STANDARD DEV, 3.285 4.59 3.93 9.27 13.50 —_
9.88 25.12 35.79 66.20 0 —_—
X1< X MEAN <X2}] 14.52 31.68 41.41 80.46 208 ——
Z X 122 284 386 660 173 90
Z X= 1594 8276 15054 438174 15329 8100
02-22-88/3W
EARTH.NUMB. (N) 10 10 10 9 2 3
X MEAN 11.80 22.40 32.60 57 62 83
STANDARD DEV. 1.72 2.42 2.42 8.08 —_ 1.41
10.57 20.67 30.87 50.79 —_ 79.49
X1< X MERAN <X2% 13.03 24.13 34.33 63.21 — 86.51
r X 118 224 326 513 124 249
Z X= 1422 5076 10686 29829 7688 20673
02-22-88/494
EARTH, NUMB. (N) 10 10 10 6 —_ 2
X MEAN 13.90 27.40 37.40 36.50 — 55.50
STANORRD DEV. 1.58 1.62 1.62 6.50 JR— 3.50
12.77 26.24 36.24 29.68 —_— 24.05
X1< X MEAN <X2] 15.03 208.56 38.56 43.32 —_— 86.95
Z2X 139 274 374 219 R 111
I X 1957 7534 14014 B247 J— 6185
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Mean copper concentration in earthworms
FOR DIFFERENT CONCENTRATIONS IN “ARTISOL"
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from about 81 to 89 ppm to decrease between the third and fourth weeks

(76 ppm and 65 ppm). Such a figure suggests a metabolic detoxication.

1Iv.3.2.3.

on time

We took back data of 02-22-BB tests to analyse them vs times (mean

Study of copper absorption by earthworms depending

values and confidence intervals in brackets) (see table 28).

TIME IN WEEK 0 1 2 3 4
ARTISOL [Cu) WEEK WEEKS WEEKS WEEKS WEEKS
10 PPM 12 PPM 14 PPM 28 PPM 22 PPM 27 PPM
(11 - 13) | (12 - 15) | (25 - 32) | (21 - 24) | (26 - 29)
30 PPM 12 PPM 30 PPM 39 PPM 33 PPM 37 PPM
(11 - 13) | (26 - 34) | (36 - 41} | (31 - 34) | (36 - 39)
S0 PPM 12 PPM 46 PPM 73 PPM 57 PPM 37 PPM
(11 - 13) | (37 - s5) | (62 - 80) | (51 - 63) | (30 - 43)
270 PPM 12 pPPM s2 PPM e7 PPM s2 PePM -
(11 - 13) [ (30 - 75) | (0 - 208) « =) « =)
810 PPM 12 PPM 93 PPM 90 PPM 83 PPM 56 PPM
(11 - 13) ( =) ( =) (79 - 87) | (24 - 87)

Table 28 : COPPER CONCENTRATIONS IN ERRTHWORMS FOR
DIFFERENT MEOIUM CONCENTRATIONS AND TIME
We notice that for small concentrations in Artisol (10 and 30 ppm)
curves are about the same (see figure 14): concentration in earthworms
increases to reach a maximum during the 2 first weeks and then it stays
on a step after a small decrease. For higher concentrations in medium
(90, 270 and 810 ppm) we also notice a peak near 2 weeks ; earthworms
absorb copper quickly during the 2 first weeks, then they also release a
little copper. Thus we have a decreasing of earthworms concentration the
third and fourth weeks. However, the step can not be seen on graph : it
is probably reached after the d4th week, because concentration in
earthworms after 4 weeks has not come back to step levels of the first
and second weeks (between 25 and 35 ppm).

V. CONCLUSION

We tested oh earthworms Eisenia fetida species toxicity of 4
chemicals containing respectively cadmium, copper, mercury and arsenic
(CdClp, 2.5H20 ; CuCljz, 2H70 ; HgCly; and NaAsO3).

Tests has been carried out in artificial medium : ™Artisol"
composed of silica nearly pure according to EEC standard.

We could class chemicals tested by decreasing toxicity as follow :
NaAsOz ; CuClz,2H0 ; HgCly and at least CdCly,2.5H20. Toxicities
expressed by LC50 (lethal concentrations which kill SC % of earthworms)
are 106 ppm (in As) for sodium meta-arsenite, 219 ppm (in Cu) for copper
chloride dihydrate, 227 ppm (in Hg) for mercury chloride, and 1477 ppm
(in Cd) for cadmium chloride 2.5 hydrate.

However for copper and arsenic, tests have been low significant.
Thus, it would be necessary to confirm these conclusions to carry out
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again sowme tests to get more observations for LCSO determination and to
decrease level of significance.

Besides, a lack of material bound us to limit tests when it would
have been important to repeat 4 or 5 times the same test to get more
reliable results with a population of 40 or 50 earthworms instead of 10
which are submitted to the same treatment during the same time. At least,
it seems that it is not necessary to lengthen tests after 2 weeks to get
LC50 to know acute toxicity of chemicals studied. We suggest in future,
for the same labour to decrease test time to 14 days and then to increase
number of repetition for each concentration and/or the number of
concentration between the same limits.

The second part of our work has consisted in doing surviving
analysis of previous tests. For material reasons, we should limit
ourselves to cadmium and copper.

The absorption study of these 2 metals according to medium
concentration has shown it was exponential (adjustement with a double
exponential function) to increase pretty quickly towards step
corresponding to saturation concentration in earthworms.

We have seen that it can change with medium concentration and even
with time.

In any case, earthworms seem not to be able to survive with inner
concentrations superior to 90 or 100 ppm of copper and 800 or 900 ppm of
cadmium.

For copper, absorption is maximal after 2 weeks, then earthworms
seem to detoxicate to come back to a lower level. Cadmium case seems more
complex because even after 4 weeks, earthworms concentration is not
stabilized, maybe we should have lengthened tests on longer time (5 to 10
weeks) but fewvding problem would come up.

These results lead to propose a more close analysis of conditions
regulating earthworm bioaccumulations (and then intoxication eventually
to death) to increase our ability to interprete field data on
accumulation in polluted dredged materials (or in disposal sites).
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ANNEX 1 : "Probit" values table

ANNEX 2 : SNEDECOR table (for p = 0.090)
ANNEX 3 : t distribution table

ANNEX 4 : Data

A. Weight data
B. Concentration data
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"PROBIT" VALUES TABLE

—— e v

% Mort. Probit % Mont. rrobit l\ Mort. Probit }t Mort. probit
0 11,0000 26 5,6433 52 4,9398 78 4,2278
1 7,3263 27 5,6128 53 4,9247 79 4,1936
2 7,0537 28 5,5628 54 4,8996 80 4,1584
3 6,8808 29 5,5534 55 4,8743 81 4,1221
4 6,7507 30 5,5244 56 4,8490 82 4,0846
5 6,6449 31 5,4959 57 4,8236 83 4,0458
6 6.5548 32 5,4677 58 4,7981 84 4,0055
7 6,4758 33 5,4399 59 84,7725 8BS 3,9€36
8 6.,4051 34 5,4125 60 4,7464 86 3,9177
9 6,3408 35 5,385% 61 4,7207 87 3,8736

10 6,2816 36 5,3585 62 4,6445 8e 3,8250

11 6,2265 37 5,3310 | 63 4,6621 89 3,7735

12 6,1750 38 5,3055 64 4,6415 90 3,7184

13 6,1264 39 5,2793 65 4,6147 91 3,6592

14 6,0803 40 5,2533 66 4,5875 g2 3,5949

15 6.,0364 41 5,2275 67 4,5601 93 3,5242

16 5,9945 4 5,2019 68 4,5323 94 3,4452

17 5,9542 43 5,1764 69 4,5041 95 3,3551

18 5,9154 a4 5,1510 70 4,4756 96 31,2493

19 5,8779 45 5,1257 71 4,4466 97 3,1192

20 5,8416 46 5,1004 72 4,4172 98 2,9463

21 5,8064 47 5,0753 73 4,3872 99 2,6737

22 5,7722 48 5,0502 74 4,3567 100 - 1,0000

23 5,7388 49 5,0251 75 4,322%5

24 5,7063 50 5,0000 76 4,2937

25 5,6745 51 4,9749 77 4,2612
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ANNEX 2
SNEDECOR TABLE
For P =099
1y )
ry 1 2 3 4 5 ] 7 ] 9 10 ’
1 0s2 49995 | 5403 5625 5764 5859 5928 982 [ 7] 6056 ]
2 98.50 99.00 9.7 99.25 99.30 99,33 9.3 99.37 99,39 99 .40 2
3 34,12 30,82 29,46 2.7 .24 79N 27,67 27 .49 2735 27,8 3
4 21,20 1€,00 16,69 15,98 15,52 15,21 14,98 14,80 14,66 14,55 4
5 16,26 13,27 12,06 11,39 10,97 10,67 10,46 10,29 10,16 10,05 5
6 13,75 10,92 9.78 9,15 8,75 8,47 8.2 8,10 7,98 7,87 [
7 12,25 9.55 8,45 7.85 7.46 .19 6.99 6,84 6,72 6,62 7
8 14,26 8,65 7.59 7,01 6,63 6,37 6,18 6,03 591 5.81 8
9 10,56 8,02 6,99 6,42 6,06 5.80 s.61 5,47 5,35 5% 14
10 10,04 7,56 6.55 5,99 5.64 5,39 520 5,06 4,94 485| 10
n 9.65 . 6.2 567 5.32 5,07 4,89 4,74 4,63 4541 N
12 9,33 6,93 5,95 541 5,06 4,82 464 4,50 439 430]| 12
13 9.07 6,70 5,74 5.0 4,86 462 4,44 4,30 419 4,101 13
14 8,86 6,51 5,56 5,04 459 446 - 4,14 4,03 39| 14
15 8,68 6,36 5,42 4,89 4.5 422 404 4,00 3,89 3801 15
16 8,53 6,23 5,29 4,77 4,44 4,20 4,03 3,89 3.78 3,691 16
11 8.40 601 5,18 6,47 434 410 3,93 3,79 368 3,59 7
18 8,29 6,00 5,09 4,58 4,25 4,00 3,84 n 340 351 s
19 8,18 5,93 5.00 4,50 4,17 3,94 .77 3,63 3,52 3431 19
20 8,10 5.8% 4,94 4,43 410 3,87 3,70 3,56 3,46 3,371 20
21 8,02 578 4,87 437 4,04 3,81 344 3,5t 340 3| n
22 7.95 5,72 4,82 43 391, 3.7 3,59 345 3.35 3.26| 22
23 7,88 5,66 476 4,20 3,94 in 3,54 3.4 330 321 23
24 2,82 5,61 472 4.2 390 3,67 3,50 3.3% 3,26 317 24
25 177 5,57 4,68 418 3,85 3463 3.4 3,32 322 3.13) 25
26 1.72 5,53 4,64 404 3,82 3,59 3,42 329 3,18 3,09| 26
7 768 5,49 4,60 4n 3,78 3,% 3,39 3.2 3,15 3,061 27
28 7.64 5,45 4,57 4,07 3,75 353 3,36 3,23 3 303 28
Fi 7.60 5,42 4.54 4,04 33 3.50 333 3,20 3,09 3.00]
30 7.%6 5,39 451 LN/ 370 3,47 3,30 3.7 3.0 298| 30
40 ™ -5,18 L] i 3,5% 3% 3,12 2,9 2,09 2,80] 40
60 7,08 498 413 345 334 3.2 2,95 2,02 2,72 263| 60
120 6,85 4,79 3,9 348 37 2.% 2,79 2,66 2,56 2,47 | 20
-~ 6,63 461 3,7 3% 3,02 2,80 2,64 251 2.4 232]
vy va
] 2 3 4 H [ 7 [ ] 9 10
vy 1
b,




ANNEX 3

t DISTRIBUTION TABLE

f fDeg:;: Probability to get a higher value whatever sign
ol Ire 0.500 ;0.400 |0.200 | 0.100 [ 0.050 | 0.025 | 0.010 | 0.005 : 000!

1 1.000 ]1.376 | 3.078 | 6314 |12.706 63.657 }

2 {0516 |1.061 [1.886 | 2.920 | 4303 9935 | :

3 765 {0978 | 1.638 | 2353 | 3.182 | 5841 ¢

4 741 | 941 [1.533 | 2132 | 2776 4.604 !

5 727 | 920 |1.476 | 2015 | 2.571 403

6 718 | 906 | 1.430 | 1.943 | 2.447 3307

7 711 | 896 | 1.415 | 1.895 | 2.365 3.499

3 706 | 889 11.397 1 1860 | 2.306 3333

9 703 | 883 {1.383 1 1.833 | 2.262 3250

10 700 | 879 |1.372 | 1812 | 2228 3.169

i 697 | 876 |1.363 1 179 | 2201 3.106 | 3.

12 695 | 873 (1336} 1782 | 2179 3035 4

13 691 | B30 11356 ! 1371 | 2160 10i2 .

14 692 | R6S 1335 1761 | 2145 2997 12

i3 69t | 866 i\.su 1353 12431 ; 2947 | 3.

16 690 | 865 11337 | 1746 [ 2120 i 3282

17 689 | 863 1.333 | 1730 ] 2.110 320

18 688 i .862 [1.330 [ 1.734 | 2101 3

19 688 | .861 [1.328 [ 1.729 | 2.093 3174 !

20 687 | 860 | 1.325 | 1.725 | 2.086 3183 |

21 686 | BS9 {1323 1721 | 2080 3 ‘

22 686 | 858 1321 | v717 | 2074 39! 302
23 685 | .858 :1.319 | 1.714 | 2.069 ;31041 3767
23 685 | 857 11318 ] 1911 | 2.064 i 3090 . 3745
I 664 | 8% | 1316 | 1.708 | 2060 ! 3078 ¢ 3725
26 684 | 856 11.315] 1.706 | 2056 [ 3067 i 3707
27 684 | 855 [1.314] 1703 | 2052 © 3056 ¢ 3.690
28 o83 | 855 {1313 1701 | 2.048 3037 . 3674
29 €83 | 854 1311 1.699 | 2.045 3068 ' 3659
30 -3 | 854 11310 | 1.697 | 2042 3030 ' 3636
35 632 | 852 [1.306 [ 1.690 | 2030 | 2342 2723 | 29% ! 3.591
40 681 | 851 11.303 I 1683 [ 2021 | 2329 ¢ 2504 | 2971 | 355)
45 650 | 850 |1.301 | 1680 | 2014 | 2319 i 2690 | 2952 | 3520
50 680 | 839 (1399 [ 1676 | 2008 | 2310 | 2678 | 2937 | 3296
55 679 | 249 {1297 | 1673 {2004 | 2304 | 2669 | 2925 | 3476
60 679 | 848 [1.296 | 1671 {2000 [ 2299 | 2660 | 2915 | 3.460
70 678 | 847 112627 1667 {1994 | 2290 1 2648 | 25899 | 3435
80 678 | 547 | 1293 1 1665 | 1989 | 22831 2638 | 2887 | 3416
90 678 | 816 11291 | 1662 | 1936 | 2379 | 2631 | 2.878 | 3.402
100 677 | 836 11.290 | 1.661 | 1.982 ' 227 l 2625 | 2811 | 3.390
120 677 | 845 [1.289 | ress {1980 12270 ! 2617 1 2860 | 3373
o |.6743| B41%11.2816] 16438 | 196001 21414 15788 | 28070f 3.905




ANNEX 4

A. Weight data




s

DATE : 02-26-88
WEIGHT OF EARTHWORMS
AND PERCENTAGE IN WATER
TEST LENGTH : 0@ WEEK

L Ty y Ty Nt
+ SAMP « SAMPLE ¢« WEIGHT OF WET # WEIGHT OF DRY + PERCENTAGE .
* RANK = NUMBERS * SAMPLES (mg) ¢ SAMPLES (mg) * IN WATER *

(A ARAR AR RS R RS R Y Y R Y Y Y R YR PR YY)

. 1 # V@l. STOCK +# 556.30 * 86.90 . 84.38 *

(AR AR R E X R R R Ry Ry Ry Y s YY)

. 2 + VU@2. STOCK « 679.70 * 108.90 * §2.98 *

(A AR A R AR 2 2 R R R R R R S R R R R R R R R R Y R R N L XX XYL Y

. 3 » VUR3. STOCK = 523.30 * 81.70 * 84.39 *

(E A AR S 2 2 2 R R Z R R R R 2 AR R R R S F N Ry ey YY)

* 4 + UB4. STOCK » 578.50 * 100.10 * 82.7@ *

(A A AR RS XSS R R R AR RS R R R R R R R S SRR R R R R N R Y RN YT XY

* S + V@5, STOCK = 655.50 * 398.88@ * 84.93 .

EERREBRBRER AR R R R R FAE R R R AR EA R R ER R BB R AR AR RSB F R RER AN SRR E T RERRRARE RO RN

* 6§ +# UBE. STOCK « 509.50 * '79.60 * 84.38 *

(A AR AR AR R RS SRR AR R SRR AR R 2 R R R R S Ry Ny Y Y Yy N

* 7T o+ VQ7. STOCK - 626.10 * 102.1@ . 83.69 *

SHRRRA R AR ERE LA T RRT FEANL T H T IR AT S E T RE R R A KA LT T RCE T Y TR AN PR EHE D DY

* 8 =+ UQB. STOCK « 465.30 * 73.90 ® 84.12 .

REREREERBERER RS SRR TR RRRBER AR R AR AR R R R RE R R SR AR LSRR BRAERR RS TIARER RN RSB RN

* S« UQY., STOCK =« 416.00 * 63.30 * 84.56 *

12222222 RS S R RS R RS S R AR R R R R S X R E R R R R N R R ey YT Ry

« la » V1B. STOCK » 799.90 * 132.10 . 83.489 *

LA AR AR A2 AR R R AR RS AR R R R A R R R AR R Y Y YY)

= 11« Yil. STOCK « 536.20 * 83.020 * 85.87 *

(2 A AR R R A A R R R R RS RS R R R R R R X R Y YR T R RN FY N Y

# 12 + Yl2. STOCK = 629.00 * 120.00 * 84.10 *

AR AR AR R R R R R X R SRR SRR R R R R R R N I R R R N R R N N N X T Ry e

* 13+ VU13. STOCK » 616.80 * 94.70 * 84.65 *

L2 AR S AR R R R R R R AR R E R R R 2 R R R R YR TR RN RN

*» 14 s Y14, STOCK = 701.00@ * 109.70 * 84.35 *

(AR RS E R R R R R R R R R R RS R R R R YR R R XN N R RN WU YA g

+ 15 » Vi5. STOCK » 534.80 * 395.390 * 82.60 *

LA SR R RS TS R R R R R R R A R N A R R s LIy

# 16 » Vi6. STOCK = 410.50 * 6E8.10 ¥ 83.41 *

(22 AR R R ERE R R R R N Ry L R N N Y Y e ]

* 17 % V17, STOCK = 572.50 * 94.50 * 83.49 .

LIRS AR SRR R R R R R AR SRS R R R R R R R R R N N Ny ¥

+ 18 =+ VI8, STOCK =« S568.90 * 98.90 * 8§2.62 *
L Yy e T T o
* 13 + V19, STOCK = 379.00 * 2.20 . 83.59 *
L Y N L I,
« 20 + YZ0. STOCK =+ 4386.20 * 87.20 * 82.43 .
[y Y Y Y R LY TR TR T Y T R TR PO RO PO g g e T T T I

* 21 « V21, STOCK » 327.00 * 52.30 . 84.01 .

AR A AR X XA R R R R S X A R R R Y Y e Y Y Y Y YR ]

* 22 = 22. STOCK + 475.30 * 82.60 * 82.66 *

(2RSSR RS2 R R A R R R AR R X2 R RS R AR R R R R R Y YT LY TR Y PR

+ 23 & V23, STOCK + 487.60 * 79.10 * 83.78 *

AL AR AR R AR RS R AR R AR R R R R E R IR R R Ry R Y Y R Ny Y Y Y XN}

» 24 » U244, STOCK + 580.40 * 91.32 * 84.27 *

BRPERE BB BEAR AR AR R R R R R A AR R AR R R R IR AR BER AR ES R R AR R R A REANRRR ARG R RREN I PO ER

= 25 « V25, STOCK » 550.40 . 96.10 * 82.54 .

LR SRR AR R R S A A S S AR R R Y Yy R Y Y Y Y YR N XY




DATE : 07-08-87
WEIGHT OF EARTHWORMS
AND PERCENTAGE IN WATER
TEST LENGTH : 2 WEEKS

O L R R Y I Y]
* SAMP « SAMPLE * WEIGHT OF WET « WEIGHT OF DRY = PERCENTAGE .
+ RANK + NUMBERS + SAMPLES (mg) * SAMPLES (mg) » IN WATER .

HRRBARBEREER R RERRRER AR BR AR B RA R ERRARERRAE AR ER AR EAIRAREAFR RPN AERCSE RN

« 1 v UQLl. BLANCA» 1041.80 . 212.80 . 79.57 .

AR E R SRR R RS R EE R R R R R R E R R E R R R E R R R R R R S A R R A R A AR A R R S R R R R R SR SRR AR R RS RS XN

+ 2 s« UB2. BLANCA .« 719.19 . 130.90 . §1.80 .

(X R R R R R R R R R R R T R RS X

* 3 » ve1.Cd 1004+ 983.35 * 144.35 . 85.32 .

2 Z X Z S R E 2 R R R R R R Y R R NN

* 4 +« V@2.Cd 100" 835.80 * 141.80 . 63.03 *

(A E R R R R R 2R X RS R R R R R R A R R R R A R R R S R R N R NN

* 5 + V@3.Cd 100 342.35 * 47.708 * 86.07 *

(2 EE RS R R E R R SRR E R R R R R R T RN

* E » u@i.Cd 3004« 920.15 * 144 .85 * 84.26 *

[ E X RS R R SRR E R R S R R e R R R R R Y]

* 7 + UQZ.Cd 200 » 512.90 * 33.60 * 81.75 *

I R R R R R N R R R R N L

+ 8 s upl.cd 9ood. 1013.10 . 151.60 . 85.07 "

2 Z R R E R X 22 R R R R R R R A X R R R R R R R R A R R R R R R R R R R R R e R X

* g « Vve2.Cd 9004« 1048.70 * 159.80 * 84.76 *

[EE R E R R R R R R R R R R R S R R R N R N Y R

« 10 + UB3.Cd 00%« 988.70 * 166.50 * 83.16 *

IR R S S AR R R TRy R TR

# 11+ VB1.Cu 10 = 527.50 * 87.20 * 83.47 «

(AR R R R SRR R R E R R R R R R R R R e R Yy Y R N]

+» 12 » V02.Cu l@‘* 881.7@ * 142.85 * 5Z.890 .
LR LR R Y PR RN
+ 13 » VO01.Cu 30“ 962.95 * 177.75 * 81.54 *
LR N R R

*« 14 + VQZ.Cu 30 « 501.10 * 859.60 . 2212 *

AR R XS R E R R R R R R R R R R R R R R R R R R W Y

¢« 15 « uol.Ccu cod. 828.50 . 145,30 . 82.34 .

AR R R R R R R R R R R R R R e e R X XN R WA NN
« 16 * V@1.Cu 270 =+ 476.45 » 79.50 » 65.3@ .

IR E R E R R R R R R R R R N R R L R s

4 3 alive earthworms samples




DATE : 11-26-87
WEIGHT OF EARTHWORMS
AND PERCENTAGE IN WATER
TEST LENGTH : | WEEK

R Ry Y R R I T T,
* SAMP « SAMPLE * WEIGHT OF WET +« WEIGHT OF DRY =« PERCENTAGE .
* RANK » NUMBERS * SAMPLES (mg) « SAMPLES (mg) * IN WATER *

(2R E R R R R E XS AR L S AR AR R R S R R R R R R R R R R R R R A R R SRR RS R R}

* 1 % VB1. BLANC + 684.00 . 107.00 . 84.36 *

BEEB BB ABARBREH A AR RRE R R A FF AR FERERA BRI RBR BB BEERREFRREBERRRRERERARA I RER e

* 2 s V0Z. BLANC 660.60 * 114.80 . 82.62 .

A R R R R R R R R R Y Y L R R R R N

* 3 + V@3. BLANC « 555.25 * 96.75 * 82.58 *

L R O N X X Y Y Y Y RN ¥R

* 4 '+ UQ4. BLANC « 640.05 * 102.70 * 83.95 *

(AR R R R Y Y e X R R R R R R R R R A R R R Ry Y R R S R R R X

* 5 « UBS. BLANC « 773.40 * 124.75 * 83.87 *

(AR AR R A R R R A R R R R R R R R R Ry T Y S R e Y R R RN R SRR S Y

* 6 + V@l.Cd g@e -« 687.40 * 103.40 * 82.98 *

(AR R E R R R A R R R R A R R R R R R Y Yy R R Y R R S RN

* 7 » VOZ.Cd 6@D + 704.20 * 120.90 * 82.83 *

LR A AR Y R S e R S E AR S TR R BRI F EX Y S REE N P e ]

* 8 + VQ3.Cd 660 + 65@.50@ . 116.45 . 2.10 *

AR AR R RS X S R A R R R R S R R R R R R A N R R R R R R R R R RS

* 9 +« V@4.Cd GOOQ + 6§33.50 * 185.80 * 83.30 *

(A R Ry R R R R R R R R R R R R Ry S R R R R R R

+ 1@ +« VB5.Cd 600 + 561.90 . 90.10 . 83.97 *

R R R R Y XX R R R RN RRY

*» 11 =+ V@l.Cd seo - 661.90 * 103.10 * 84.42 *

AR R R R R R AR R R Y R R YRR

« 12 +« VQ2.Cd 900 -« 540.70 * 96.10 * 82.23 *

AR N R R R S R RN ]

«# 13 + VUQ3.Cd 900 ~ 714.3@ . 126.50@ * 82.28 *

LR R R R R R e Ry Y R Y ]

+ 14 + UR4.Cd 300 + 570.90 * 107.80 . 81.12 .

(AR R R R R R A R R R R R R Y R R R R

*+ 1S5 + UPS.Cd 900 - 572.55 * 100.35 . 82.47 .

R AR R R R R R R R AR R Ny Y Y P Y R N N N N

+ 16 « VQ1.Cd1200 ~» 536.40 * 94.20 * 82.44 *

AR R R A R R R R A R X R R A R e R Ry R R R S Y R

1 + 17 o« UQZ.CH1200 - 455.55 . 86.75 . 8@.96 .

IR R R R A R R R R R R T E Ry N

» 12« UP3.Cd1200 « 574.50 * 101.80 * 82.28 .

A AR E R R R R R RS e R R R R R R R NN

j + 1% s+ UP4.Cd1200 - 670.30 . 109.60 * 83.65 *

LA R R R R R Y R I X R YY)

» 20 » V05.Cd1200 -+ 389.00 * 64.90 * 83.32 *

i AR R E R RS RS R A R AR R R e RA R R R RS S E R R s R R e R R R R R R R Y

. 21 . UQI.CdlSOW‘ * 264.80 * 28.70 * 89.16 *

(A AR R R RS R X R A R AR E S AR R R R R R Y R R R R R S R R R RN N

j » 22+ VQZ2.Cd1500 -+ 519.40 * 97.90 * 81.15 *

(R R R R E R R RS A R R R R R R Y Y R Y R R R R Y Y

« 23 + VQ3.Cd1500 + 33z2.2 . 67.40 * 82.36 *

AR R E R R R R R R R R R R R R R R R R A R S Y R Y R R Y

» 24 + UR4.Cd1520 + 460.70 * 87.60 * 80.99 *

A EE R R R R R R 22 R 22 R 2 S A R R 2 R R R R R R R R Y R Y R R S YRR Y 3

+ 25 + V05.Cdl1500 « 543.00 * 101.60 * 81.49 *

LA AR E R R R R R R AR R R R AR A R AR A R A R R R R R R R R R E R R R RS RS E R RN 3

+ 26 + V@L.Cdisoo » 781.40 * 126.20 * 83.85 *

AR R R R R RS RS R R R R R 22 A AR R X R R R A A R R R R R R A R R R R R R R R R R R R R R ]

* 1 alive earthworm samples




DATE : 11-24-87
WEIGHT OF EARTHWORMS
AND PERCENTAGE IN WATER
TEST LENGTH : 2 WEEKS

PP I O T O T T T Y Y R T R R Y R T PR R RN
* SAMP » SAMPLE « WEIGHT OF WET + WEIGHT OF DRY =« PERCENTAGE *
* RANK + NUMBERS + SAMPLES (mg) * SAMPLES (mg) * IN WATER .

SRR ERABRRBORBERRFRERERRE HFBERBTRERRERIRRBRFA AR SRERRAB SRR I RBERERAERT RO RS

* 1+ V@1, BLANC =« 542.80 * 87.50 . 82.88 *

BRAERER AR RN BER BB R AR E R B R B R R LRI AR AR E R L AR BB E B R BEFFRRREFRIRTRBERRSRRERI RN

* 2 + UQ2. BLANC + 481.60 * 75.60 * 84.30 *

P T T Y R T R R Y RS 2]

. 3 * V@3. BLANC + 581.10 * 81.90 * 85.91 *

PR R Ry R N Ty R X R X R A R S R XSS R R R R RS R AR R ]

* 4 * U04. BLANC ~» 529.70 * 86.70Q . 83.63 .

I N X N R R R R R R R R R R XX

* S *+ UBS. BLANC = 6596.80 . 105.60 . 84.2 .

IR e R X R R R Y R R R R A R R R R R R R RS R RS R R S X RS X 2]

* E » Vv@i.Cd 600 +« 623.80 . 89.10 * 85.72 *
I I O I T T T T R R R Y YT R YT R R TR R Y]
* 7 +« y@2.Cd 600 -+ S77.20 * 83.60 * 85.39 *
R R R I R T T R Y T T P N R R N P PN TS R R R
* 8 + UQ3.Cd 600 -+ 29.50 * 62.90 * 85.36 *
N T T T I I I I N Y R T E SRR X 2

* 9 + UB4.Cd 600 = 552.00 * 75.10 * 86.39 *

XY Y R Y R R A R X S R R Y A R R R A S R R R RS2 R R R R

# 10 » VQ5.Cd 500 ~« 506.50 * 76.50 * 84.90 *

2 I R Y S R R T R S R,

*+ 11 » vy@l.Cd se0 -+ 418.55 * 70.45 . 83.21 *

Y Y Ny R R R R R Y Yy Yy R R R R R R R RS RS RS

« 12+ YQ2.Cd 900 = 670.c0 * 107.70 € 83.94 *

PR R R R R R TR R R RN R Ry AR Y R R R R A S g

« 13 + VB3.Cd 800 -+ 547.395% * 91.25 * 83.19 .

P N Y R R R R R R R R R I RS R E R LR

+ 14 + UR4.Cd 900 -« 481.20 * 72.40 * 84.75% *

P R e R R R S S S E S R R R R R XS

» 15 » U@5.Cd 900 + 552.00 * 79.5@ * 85.55 *

R R RS X
+ 16 ¢« WVOL.CailCD - 346.59 * 58.10 . 83.23 *
PR R A R R R
* 17 o+ yg2.Cdill@ -+ 565.30 . 94.30 * 83.44 »
R R R R R N R R R S R X
*» 18 + U@3.CZ1222 - 424.50 * 62.39 * 84 .60Q *

P R R R R R Y E R RS R SRR R R RS

+ 19 ¢ YQ4.Cgi1220 - 411.0@ * 64.30 * 84.36 .

R N R R R R R R R R R

« 20 =+ V@l1.Cdisee » 457.80 * 71.40 . 84,40 .

R N N Yy X R e R S R R R S A A R ]

= 21 + yYQ2.Cd15S00 =+ 571.40 . 86.80 . 84.81 *

R N Yy Ry Ry Y Y A R R Y AR R R Y 2

* 22 » UQ3.Cdi500 -« 484.10 * 75.30 . * 83.62 *

L A Yy Yy Y Y Y R R A R I R R RS R ]

+ 23 + VU04.Ca1500 » 524.00 * 97.00 * 61.49 *

L N e A R R Ry R R R R X RS R R

+ 24 » VOI.CdIB@@Jt* 185.40 . 27.00 * 85.44 *

X R A R R R R R Y R R R R R R R R R R R R R R R R A R A R A R A SRR S R RN

* 1 alive earthworm sample




- - —~— = - - - R—
M ARG R
DATE : 11-24-87
WEIGHT OF EARTHWORMS
AND PERCENTAGE IN WATER
TEST LENG6TH : 3 WEEKS
FREBRR BB AR ERR BB RBRRRARPBRRBRGFBEERIRB I RFERERBAAARRN S RERABRS BRI ERRETREOOOEN
* SAMP « SAMPLE « WEIGHT OF WET + WEIGHT OF DRY PERCENTAGE .
* RANK *  NUMBERS « SAMPLES (mg) * SAMPLES (mg) =+ IN WATER .
BRRABHBRERBEERARFE R FERE TR RS EBERFEBRBAER TR E R TR AT S FEFRRERNERAERETERARECEES
. 1 + V@1. BLANC + 483.10 * 74.80 * 84.52 .
L2 E Z X R ER SRR R RS AR RS SR R E N R R R R X R ER R R X R A R A R RS R A R R R R RS RS RERE SRR R R R R R R 3
. 2 « VYQ2. BLANC = 643.10 . 97.40 . 84.85 .
[ Z X EEE R R R R EZ SRR ER R RER S SRR R R R RR R R RER RZA S R AR A R R A R R R RS R RR RN AR RS RS R R R R R XN
. 3 *» VQ3. BLANC » 364.30 * 58.00 . 84.08 .
RERBR AR RAREERREABERRIERERBRERRRRBREEREIR PSR AR R A ERA AR BRGNS EREROEAR
* 4 « UB4. BLANC ~« 521.50 * 79.790 * 84.72 *
FREBEBEREASBERERAER R R R A S B R BRI RBRRFRB SRR EREP LR AR A R AP RO AERERETREE N
» S * U@S. BLANC » 535.70 . 83.30 * 84.45 *
LE R Z S RN E RS E RS E R R E R S A S RS E R R RS E R R R R RS AR X E SR R R E R E R RN FERY YR SRR SR FR R RS
* 6 + V@1.Cd 608 ~ 512.70 * 76.30 . 85.00 *
FRAERBFERABTRIAAREIRREFREAFRRF SRR AR EERETRRARTEBRFA ISR ERARFRAFRNBERREAERERTE S
» 7 + VUR2.Cd bo2 546.70 » 75.70 . 86.15 .
I EEZ R R R R R R R R R A R R R R R R R E R R S R R R R R E R S R EE N AR R R R R RN RN TN
* 8 + UQ3.Cd 600 = 507.40 * 71.90 . 85.83 *
HAEEREEBERBLBERREFRRRERERRRRER AR A REFTRREF ARSI RFEBREALBARGERRRERRREPRAARERNEE N
* 9 « U04.Cd 60Q + 531.20 * 75.00 * 85.88 .
IR R ERE R R R R R R AR R 2 S R R R X R R R R E R S R R R R A R R R R R RE RS SRR R RS RSEE RN R R RN N NN RN N
* 10 + VUQS5.Cd 60O + 536.90 * 78.20 * 85.44 .
I Yy N N A R s Il 'ty
= 11 « VYQ1.Cd 8GO 474,30 . 73.50 * 84.50 *
L EE E R R R R R R R R E R AR E R E RS R SR R X R R R R R R RS R R R R R RN R R R R RN YRR R R YRR RN RN
*» 12 + V@2.Cd 900 + 482.50 * 50.00 . 83.42 *
IR R RS S R E RS RS R R R 2 A R X E R R E R EE R R R E S R R R R R R YRR R RS RS RS R R NN
+ 13 =+ VUB3.Cd 900 =+ 470.80 . 71.20 . 84.38 *
AR RS E R R E R R X E SRR A R AR R RS R E R R R R R R R R R S R Y RE N
+ 14 « VYQ4.Cd 300 -+ 464,20 * 70.40 . 84.83 *
RS EE SRR E R R A R R R R R R R E R R R R X R R R R R R R R R R R R R R R R R R R R RN R R RN
* 15 « VUQ5.Cd 900 4435.30 . 5C.60 . 85.88 +
FRAERRRERERER IR SRR IR B ERARERRERRRAAER LR 2B 2030588255244 REHEREIITH
= 16 =+ VQ1.CdI1200 587.50 . 51.30 . 84.37 *
IR R E R R R R E S R E R E R ERE RS RS R R R R Y R R R R R R R NN NN R R RS N R YRR NN NN
+ 17 + V02.Cd1200 + 367.80 . 55.80 . 83.74 .
FERBERFRRABRRREFFERARAIB PR SRR ER SR RPEET RS LB R P23 3 5568220225820 80F%85R008r0s
+ 18 * UR3.Cd1200 + 409.20 * 52.90 . §4.38 *
{{il’l&illl‘&iil'iﬁl’liﬁliﬁ}!ll!&{l&ll&hhl66.05ou!l!.&..l.}’.“!.!’i’!."i
-
* 19 « VUQL1.CdIBQQ" + 252.20 . 44 .50 . 82.36 .
LA X R R E R R R R SRR R R A R R R R R R R R R R R R PR R R A R R RN R R R R R R R E R RN R R R RN RN Y
s 20 » UOZ.CdlBOO*' 302.40 . 50.80 * 83.20 .
I Z A EEEREEREE R R AR A2 Z A SRR R R RS R A RZ S E RS R RN ER RN R R ER R R R RS R RSN RR R R R RE RN XY
* 1 alive earthworm samples
¢
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DATE : 11-23-87
WEIGHT OF EARTHWORMS
AND PERCENTAGE IN WATER
TEST LEN6TH : 4 WEEKS

I I T R T R Y Y Y PR RS
+ SAMP + SAMPLE * WEIGHT OF WET « WEIGHT OF DRY PERCENTAGE .
* RANK + NUMBERS +  SAMPLES (mg) = SAMPLES (mg) . IN WATER .

Y R Y X Y Y R N R R Y R R R R R S A RS R A R A A A AR R RS AR A SRS

* 1+ VUQl. BLANC =« 402.00 » 61.00 * 84.83 .

FEGER R R BB EB RSB R S FHREREN SRR BARRER RN RFSESHERRAERF ARG HE T IGBBEINA AN

* 2 « y@2. BLANC » 479.00 . 76.80 . §3.97 *

I Yy Yy R R R R R R Y R R R R R A RS S RS A R ]

. 3 + U@3, BLANC « 362.09 * 54.90 * 84.83 .

HRABR BB RS BRRRERBEABRERER RS ERARRERFFRBEERRREAR R AR ARV AR R0 00 adr s

* 4 + Y@4, BLANC 363.20 . 53.80 . 85.19 *

L Y Y Y R R RS R I R R R e R A R AN A AR R R AT S A ]

* 5 * V@5, BLANC = 4190.20 b4 65.10 . 84.13 .

I Y N R R Y R R R R Y R X R R R RS R R R R AR N

* 6 + UDG. BLANC® .« 247.60 . 35.90 * 85.50 *

RERAEPRER BB R B R FR B R EF R B R AR AR ERERREBE AR IR R AR ERTERRARAREFIERFIRERPIRE GRS

. 7 + VOi1.Cd 600 « 744 .60 . 120.50 . 83.82 *

D R R R R e R A R R R ]

* 8 + U@2.Cd 60Q -+ 621.20 . 82.60 * 86.7@ *

SEREERREREBAERA AR R ERRRRBEREREFSREFRBRB AR BRRFIRBEVEFESFRE G2 RPIERNBENEN

* 9 +« UQ3.Cd Bed + 564.20 * 65.60 * 88.37 *

Ly R S R R R R R R e A R R R R R R SRR R NS

*« 1@ » vYR4.Cd 60O ~+ 455.20 * 63.40 * 84.75 .

I R T R R Y Y R Y R R R Y R ]

* 11 » yYP5.Cd 600 =« 518.930 * 78.30 * 84.94 *

L R R R R Y Y R R e T R N A R A L R R R

*+ 12 +« V01.Cd S0 + 541.50 * 86.70 » 83.939 .
RN R R R RN R BRI R R DR R P R R T N R R RS F RN BN B N R RN B F N CE R A H RPN IO IR RN RO
¥ 13 « V@2.Cd 90@* * 313.00 * 36.60 . 88.31 -
T T rI T

* 14 + UQZ.Cd 900 =+ 544.30 * 76.80 . 85.91 *

I R R R N R R R R R R R R e R R R R R R SR RN

*» 15 + yQ1.Cd1200 - 385.20 * 51.2 * £7.04 .

L Y R A Ry Y A Y R RN R Y

+ 16 + vo2.cdizoo¥ . 122.50 . 23.50 . 3@.82 .
REBBER AP EBE R AR R B SRR RS ERFERERFF R R B P LR RS ERSR BRI R RS HE SR FLE RIS 0230080000000k

+ 17 * UB3.CAI1200 =« 422.10@ . 2.10 . &7.66 .

FRRE R E R P B ER AR R R BER B AR E R R AR HLE BB EP R PR H IR HEIREAB AR 2 58PS 00 0080200000

+ 18 « U04.Cd1200 -« 466.3¢ * 654.30¢ . e i@ 4

REEER B AR A B R P RS R AR BB R R R R IR RSB B AR A AR AR AU F T LRSI SN AP NS00 30050000004

+ 19 + vgs.Cdl200® » 197.40 . 30.40 . 260 .

(X R R R R e e R R A R N R e R A A N R R R RS R R X

+ 20 + URI1.Cd15007 « 186.80 * 26.60 * 25.76 *

X E R R RS RN EER RS A R R E R R R R R 2 R E R R RS E RS R R AR R R R R R R R R R RS R A AR A AN R SR AR RN XN

+ 21 ¢ UOI.CdlBB@*'i 152.40 * 23.80 . 84.38 *

[ ZX XX R R R R REX SRR AR AR RS R R Z R R Z X R R EE XA R R AR R R S S R R S R R R R R R R R A R A R R R A AR R E R RE]

+ 22 » vel.cd2iee® « 166.50 . 23.70 . 85.77 .

T I I

* 1 alive earthworm samples
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DATE : @2-22-88
WEIGHT OF EARTHWORMS
AND PERCENTAGE IN WATER
TEST LENGTH : 1 WEEK

BRBBBEREIVPE BB RSB I B PR BN P AR BRI ERBRBANBER O R BB EA SRR NP REFER SR RNB IR RBRENRE
* SAMP « SAMPLE # WEIGHT OF WET + WEIGHT OF DRY « PERCENTAGE *
+ RANK » NUMBERS + SAMPLES (mg) + SAMPLES (mg) . IN WATER *
BBABRERCH R B R R B NIRRT ISR R R RSB R AR R BNBERRERRGEEDRES T RBFRRRTIRBRRGIOETRBREN
« 1 « UQ1. BLANC + 667.90 . 113.60 . 82.99 .
I Z X E R R AR YRR YRR R R YRR EEY R R Y RSN R R RS RS RSS RS R R RS ERRR RS RIR S SRRR S S XX 2 3
. 2 « V02, BLANC =+ 742.30 . 115.99 . 84.39 *
P E X E R E RN R RS R YRR R YRR R RN YRR R SRR R YRR R R R R R R R R R R R RS R R R R R R AR RR AR R RS RSN E X R
* 3 » UQ3. BLANC » 705.10 . 114,10 . 83.82 .
R FRAR DR RBERRE R RRARERRBRFABRAL AR RIS CB AR OGRS DB A G SR N B ISR AR NBERGEGRERN
* 4 » V04. BLANC +» 471.30 * 73.40 . 84.43 .
SRR ARG R AR BRI R AR AR R R R B R R BB R R B R AR RO RARRRFRER RSB RER SRS NREEFRBARBETRERERN
. 5 & V@5, BLANC « 520.40 * 82.20 * 84.01 *
R X R R R R Y R R R R R R R YR P R RS R R R RN R R E AR RS SRR R SRR RRRRRR R R SRS RSN SSR S 22 3
* 6 * UB1.Cu 10 = 697.80 * 104.10 . 85.08 .
BRERF R AR R P B RS R BR AR P ER R R R AR RBTERBRER TR R BRI RR RN PSR AR R AR R PR ERBRERBRBRERS
» 7 « V02.Cu 10 = 512.60 * 83.30 - 83.75 .
P R R R R R R R P R R R R R R R R R R R R R R R R R R R R RS R R R AR NN
* 8 # VO3.Cu 10 =+ 779.19 * 129.10 . 83.43 »
BEBEERERLRBB B ERRBRBE SRS EABRER SR RN R PRI R AR FRBRARE B A FRERREIATTRRPONGE IR R RS
* 9 « VUB4.Cu 10 = 783.20 * 115.40 * 83.59 *
XXX EEE YRR RS R RS R R R SR RS R R RER R R R ER SRR AR RARERRRRR R RRR X R R R RRRRRY SR SR 2 X & X J
+« 10 » UOB5.Cu 1O =+ 568.60 * 98.40 . 82.69 *
ERRRBREBRARREEERRERBA RS ER R R ERFSBRNFRBRRFRRRERRFRFBRRROARFRRRSCRIRRERARTBRNES
+# 11 + UOL.Cu 30 =+ 774.40 . 125.70 4 83.25 »
[ E XTI EEEE SRR R R R R RS R R R R AR R R R R RN R RRR AR R AR SRS A AR RS RENR RS R ERR AR RS R R N RN XN X4
*» 12 « UQ2.Cu 30 ~« 518.20 . 88.40@ * 82.94 .
P T R R PR PR R R ER R R R R R R R R R R R R R R R R R RN R RN R R PR R R SRR R R R RPN PR RN YRR YRR R RN RN N
*» 13 « VUB3.Cu 30 =+ 438.30 * 72.78 » 83.41 *
ERFEPFRABEEREEFSERERDREREFIRFRRBR SR P ERRRAER TR BEPRFEIE SRR BT AIEEBIIRPRBRRRRER
+ 14 « VUQ4.Cu 30 =+ 491.60 . 70.80 * 85.60 *
BERRRBERERESRDARABBR BB BFREERUEBPERES A SR B R B EIBFIRTRFASRBPRBREREISEIRNEI R RN
« 15 « VUQS5.Cu 30 -+ 544.00 . 87.50 . 83.92 .
BREBRIEERBRRBIREETREEH SRR AR SRR A IR RV LR EERE PP RERIRB PRI EFRLBPIIRBHEIBPRBERER
« 16 + VQI.Cu 50 -~ 5@7.60 . 84.90 4 83.27 .
RABBEBER ARSI PRALBIF LRI R B RERRRB RSO ERT R FRBBI AR FREFERSEEI IR RGBS
» 17 = VOZ.Cu S8 + 652.00 . 119.80 - §1.63 .
IEYSEEEXXRR RS R RSN RR SRR R RS RRRRSR AR RN RRRRRAERRRRRRRR R R RRR R R Y RN R R YRR YRR RN NN R
*» 18 « UQ3.Cu 90 -~ 525.7¢ . 87.70 . 83.32 .
QO&Q’&&!"{I'!0'&690.!&0”0!..5{"!:..00!0.‘!'06&0’.0DOGG!&QCOCO"..OCQ{!!
*» 13 + VQ4.Cu 90 =+ 598.10 . 108.20 . 81.91 .
BRABRBABBRAABFRABS AR A AR RARRBRRIP 02 P AR B REBRBORB PR PERIRAP ISR RANBINRERS
+ 20 + voS.Cu S0¥. 313.80 . 52.30 . 83.33 .
XY AR R 2 Z RS R R R R R R R E X 2SS RTER SR RR R ARSI NR R RS ESESEERRRI NS RR R R X X X X 3
+ 21 + UB{.Cu 270*' 211.60 . 35.490 . 83.@3 -
(I R R RN R R R R Y Y Y Y Y R R R R N R R R RN R SRR YNNI RE EREE RN ]
+ 22+ voz.Cu 270 %. 288.650 . S1.18° 82.29 .
XY X R SR R R R R RN R R SR NS R E RN RS RSN RS SN RS NSRS YRR R R R X X X 3
)
* 23 « UR3.Cu 270° + 98.89 . 15.20 . 84.61 .
IE YRR R ER SRR R RS FEE R R R RN YFRRRRNRRER RS RRR R R R RR YR RRRRR R R U R R R YR YRS X X X 1
« 24 » VUQ1.Cu 810*' 331.00 . 50.00 . 84 .89 .
BRBRBLB AR PR AB R RN A BRI R IR RRARRRER BB R AR HE BRI RERBIERBERRINBEERERNNRRES
°
» 25 + UQ2.Cu 810" + 258.10 . 45.60 . 81.94 .
AEBAREDERPRRFNRRAFRARRRRBRFIABBBADEEARINTRARBIRBRERERRIRBFEBEELIIGRRTRRNIRPERS
« 26 + UB3.Cu B1Q " » 88.190 » 12.60 * 85.70 .
SR BBERBAFAR A BSEIFOR RS S ER R BN B AP BN ERERER DGR R B NG RPN NINININNARENDEE
* 1 alive earthworm samples
¢ 1 dead earthworm samples
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DATE : 02-22-88
WEIGHT OF EARTHWORMS
AND PERCENTAGE IN WATER
TEST LENGTH : 2 WEEKS

R L T T T T N R Y RN Y TR R T Y 2
* SAMP « SAMPLE * WEIGHT OF WET « WEIGHY OF DRY » PERCENTAGE .
+ RANK « NUMBERS + SAMPLES (mg) » SAMPLES (mg) . IN WATER .

SRR PRI R R RN TRRR OB RN BB RV EBBRIERONBRBEEPNEERERPOEREDRERBEEEENETERRERARS

* {1 = U@L, BLANC = *325.60 . 48.60 * 85.07 .

I X R Y Y Y Y R R Y Y Y X R Y R Y R R R R R R R S Y RS RS RS S SR R RN S S KD

. 2 + VQ2. BLANC » 304.50 . 47.40 . 84.43 .

[ X Y Y Y Y Y R Y E S Y R Y YRR R Y R R P R N R R R R R R AR RS RSS2 R SRS R A XX 3

. 3 ¢+ VO3. BLANC =« 309.90 . 47.79 . 84.61 .

Iy Y R Yy Ny Y Y Y R A R Y R R Y R Y S R R R R YRR SRR

. 4 + V@4. BLANC = 314.30 . 48.00 . 84.73 .

BARE BB SR DR RE R ERBERR SRR BENRERE BBV GG ERFRN GRS ECERE RV AR RERNGEEERE TS

. S # VUBS. BLANC » 312.60 . 48.30 * 84.55 .

(XX E R R R R R R R R R R R R P R F RS R R R R R R RN RS R XXX SRR RRA SRS Z SRR R R R R 3

. 6 + VOI.Cu 1B =« 419.60 . 59.3@ . 85.87 .

ARRSBRBBRBOIRRRFPRBBES R AR RRBRIRBRRRPEREFHBRBRREAPERNRERBEREETERARRATRRBGEIN S

* 7 # V@2.Cu 1@ » 484.80 . 75.79 . 84.38 *

P Ry R R N R R R S N Ry Y RN RN

* 8 + UQ3.Cu 10 487.20 . 74,90 . 84.63 .

I ZZ R R R R R R R R X R R R R Y R R R A R R R R R A L R R R AR R R RS R R R R RN R S

* 9 ¢ V@4.Cu 10 =+ 506.20 . 72.50 . 85.48 .

IR R R Ry R R R R R R R PR Y R R R R A R R R R R R R R A R SRR R R R R R RS XS R R 2

+ 10 + V@5.Cu 10 =« 684.50 . 100.69 . 85.30 *

R R R Y Y Y N R R Y A R R R S Y R R R

«+ {1 ¢ VQl.Cu 30 657.60 . 96.80 . 85.28 .

IR YR R R Y Yy R R Y R R R Y RN

« 12 + UR2.Cu 30 = 455.50 * 68.20 » 85.03 *

I R R Y R R R A R R X R R R R R R R RN RS R RS NS

*+ 13 + V@3.Cu 30 547.50 * 82.99 * 84.86 .

X Y R s I T T N R Y Y R R RS

+ 14 + UO4.Cu 30 =+ 446.40 . 64.00 e 85.66 .

I R R R R Ry S R R R R R R R X R R R R R X R RS R R Y Y

# 15 ¢ UBS.Cu 30 = 461.40 . 69.40 * 84.96 *

I R R R Y Y Y N R R R R R R R R S R R ]

# 16 + VO1.Cu 9@ -~ 287.5@ . 58.20 * 79.76 .

Ly Ny R X R A e R S S R X RS R R N

+ 17 + V@2.Cu 90 = 326.90 * 57.50 . 82.41 *

I Y R Y R Y R A S R R A R R T S SRR ]

« 18 s V@3.Cu 90 297.80 * 52.90 * 82.24 .

RR BB E AR RAR R AR B R A SRR R BRI AR SRR RBE AP RFHEE TR RBIREIRGFRISRTRBRGEIIRIERS

« 19 * VO4.Cu SO 441.70 * 67.70 * 84.67 *

[ EE R R R 2 2 S R S R R R 2 R R A R R R R R R 2 R R N R RS R R XX R R R A AR A RS AR AR SRR R RS AR R R XSRS

« 20 » VOS.Cu 9%« 598.10 . 91.30 . 84.74 .

(2 X A X R R X RS R R E R R R 2 R S X R X S R X R R R R R R R R R I A R XL R RS R R RSS2SR RS RS XX

+ Z1 & VQl.Cu 270*. 298.80 . 650.3@ * 79.82 .

(X R X R R R R E R R R R R R R S S R R N R Y R R R R R R S A RS SR XS SRR RN

» 22 « vO2.Cu 270%. 163.50 . 33.40 , » 79.57 .

[ R R R R R R R X N R R R R X R R R N R RS AR R R X AR RS RR R R}

+ 23 » vol.cu 8i0®. 316.70 . 46.70 . 85.25 .

[ R R R R R R R R X R X R A R R R R R A R R X e A A R A R A X XX R R RS RS S S 223

* 1 alive earthworm samples
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DATE : @2-22-88
WEISHT OF EARTHWORMS
AND PERCENTAGE IN WATER
TEST LENGTH : 3 WEEKS

Yy T Ty T T o
* SAMP « SAMPLE ¢ WEIGHT OF WET + WEIGHT OF DRY = PERCENTAGE *
* RANK » NUMBERS * SAMPLES (mg) + SAMPLES (mg) . IN WATER .

(A XA R R R R R R R R R R R R P P R X R R A X R X R N R R RS X R R R NS SRS RS RN ]

* 1 » VUQl. BLANC = 328.70 * 53.50 . 83.72 .

LA R R R R R RS2 R S R R R R R R R Y Y R R S R Y R R R R R S SRR RS S SRR X

* 2 & V02. BLANC = 730.30 * 112.9@ . 84.54 .

LA Z R RS X X S X R S F A RS R R 2 R X R R S R S N A R RS R R S S R RS RARR SRS RS R YR ¥ )

. 3 + VB3. BLANC + 513.30 * 81.50 * 84.12 .

A2 XX R A R R R XS S 2 2 A R F R R A R RS 2 R A X E R XX R R S R R R R S A R R RS AR R R RS SRR RS R R X 3

. 4 + UR4. BLANC = 608.80 * 97.50 * 83.98 *

A2 22 X R X2 2 X X 2 X R S R R R X X X 2 R R A R 2 X RS R AR R R R R R R R X R S R RS R RN R SRR R R XY R RN

* 5 + V@S5, BLANC + 416.10 * 67.80 * 83.71 .

(AR 2 AR SRS AR R X R R R R S A 22 R 2 R R R R A R RS R R R 2 S X E X R RS X R A R SRS R SRR X SRR |

* § + VOL.Cu 10 =« 534.70 . 82.80 . 84.51 *

LA XX R RS SR S X RS 2 A R R R R R X 2 R A R R R R A R R A R S R R R R R R X R RN Y

* 7 + V@Z.Cu 10 + 697.60 . 104,80 * 84.98 *

(R R X R R R R R R Ry R I X YRR ¥

» 8 +« VO3.Cu 10 =« 672.10 . 129.99 ¢ 83.65 *

(2R RS R X AR R 2 R X 2R R R R X X S 2 R R R R R S RS AR R R Z A A R R 2 R X R R E R R SR NS R RS E RSN R ]

* 9 +« UB4.Cu 10 = 713.70 * 108.20 * 84.83 *

ERJUBRERBRRBEFIRR R AR RRFIRERBRERBRRBEFAERRRERRF R A AL RERBERREEPER BRI SRS RN

# 10 +« VQS5.Cu 10 » 428.70 * 656.50 * 84.49 *

EE BB BB AR R AR R R E R AR R PR R R RIS R AR R R R R R R R R RN FFE R P LR BR R BN B PRIFERRRBRRBIRERERN

* 11 + VYO1.Cu 30 = 531.20 * 84.70 - 84.05 *

AR R AR R R R A 2 R AR R A R R R A R A 2 R R R R R R R R A R A R R Y R X R R R Y RN Y 2

12 0+« VYQ2.Cu 30 = 437.30 * 68.90 . 84.24 *
R I T T T e
*# 13 » VYBI.Cu 30 =+ 328.60 * 54.30 . 83.47 *
L R R R a sy

* 14 « V@4.Cu 30 + 325.00 * 48.30 * 85.14 *

(AR AR R L E R R R RS R A R S R R A Y Y YY)

# 15 & UB5.Cu 30 = 1124.00 * 166.00 * 85.23 .

(A X R R RS R R e AR R R R R R R R e R R R R R R R R R R R R Y Y R TR Y]

* 16 + VvOl.Cu 90 « 417.60 * 75.30 . 81.97 .

(AR R R R R R S R R R R X R E R X AR e R A R R R R R R R R XYY

*» 17 + VUR2.Cu 90 = Jle.40 * 58.50 . 81.15 *

LA ZEEEE R R R R A R X R R R R T R F R R S R R ]

*+ 18 « VUQ3.Cu 90 = 281.20 * 53.00 . 81.15 *

FRARREAIRER A SRER AP PR AR ERIAEBRRARERBEARBRRBFRFRRER S AR FERARFIRR LR EFRRAREN

* 19 ¢« UB4.Cu 9B =« 334.40 * 6@.9¢ * 81.79 *

AR R R R R R A ZE S R R X R 2 2 R X R R R X Y R R R R R R R Ry R R R R RS R SRR RSN Y

+ 20 + vos.cu 30%« 133.50 . 26.10 . 81.29 »
L ey Y Y Y YTy
# 21 + Y@l.Cu 278 = 274.20 - 43.30 * 84.21 *
AL R A AR E R A RS S 2R R R L R R R R RN R R R R Y R R R R R R R N S R S S Y )

¢+ 22 & UB1.Cu B10%F» 666.40 * 191.90¢ * 84.71 .

AL Z AR R R AR A RS 2R AR R XX R R R R R L Y Y X R R R R Y R R R R RS S RS SRR RS RS R ]

* 23 » V@2.Cu Bl » 510.10 4 85.10 + 83.32 *

LA S AR R R SRR R A RS R a2 R R X Y R Y Y Ry R e R Y R R R R RS Y

* 1 alive earthworm samples
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DATE : 92-22-88
WEIGHT OF EARTHWORMS
AND PERCENTAGE IN WATER
TEST LENGTH : 4 WEEKS

FERARER BB R RRRP RSN E R B AR AR RN B ERFRER RSB R BRI R BEBRERR R BRI R RFTERRRAERAIRRERERS
« SAMP + SAMPLE *» WEIGHT OF WET + WEIGHT OF ORY =« PERCENTAGE .
* RANK « NUMBERS * SAMPLES (mg) +¢ SAMPLES (mg) . IN WATER .
BEBABER AR BB AR RN AR SR BARFFRRBRERERBOR PR RABRERERERAE SRR RAFEUFERREFRIERRES
* 1 » VOl. BLANC « 460.60 . 61.9@ . 86.56 .
RRERBFRBRIBBAA DR BB ERRR RN ER BB B R R B ERR R B AR BB RRTIRRRRRERERERRERR BB REERRRRRENE
. 2 + VOZ. BLANC =« 449.10 * 67.60 . 84.95 .
XX 2R R R R R P Y R X R R R R S A R R AR AR RS XSS 222 R 2]
. 3 + UQ3. BLHNCi** 679.40 . 97.90 . 85.59 .
PR AT R R AR BRSNS R AR AL IR R AR SRR IR SR FRA AP AT R AN RBBRRBERAABRRAEN AR BRI RBRIRE RN
* 4 « UQ4., BLANC = 486.90 * 67.19@ * 86.22 *
’ll..ll.ﬁ.’.l..li'GQGAQﬁ"hﬁ.i{ﬂ'O&l’.Q{‘Q"ﬁ.li'l.‘..."i.’&i'.'*i”l'IQ!‘
* S & UQ5. BLANC™ « 376.1@ . 54.10 * 85.62 *
FEERBEAR PR RREFRRR BB AF PR B RS AR BB FE AR B R ERERRBEEIRRERERARRBAERRRREFRRNERS
# € = UPL.Cu 10 = 459.40@ . 58.50 * 87.27 .
FUEBERAEAAR AR RS RRE R AR AR R RARFR AR R AR HAR AR R RN SRR BEFFRRFSREAFERAERRRIRERAE RN
* 7 * VUR2.Cu 10 431.29 * 65.80 * 84.74 *
L N I R N R R R R A RN R AL AR A L AR S AR R AR KRS
* 8 +« VUBZ.Cu 10 -+ 307.80 . 52.82 * 82.85 *
ERER BB R BREEFER AR RERERERFERRFFRRREFRRRE SR ERFERARERERBERRZ A AR REF N AR RES RSN
* 9 + VUQ4.Cu [0 =+ 437.40 * 57.20 * 86.92 *
ERERSR SRR FR PR AR PR B R BRI ERREEERE PR U RS RBRRFRFRRRFFER RS RRREISFRERBRERRERS
*+ 18 = VO5.Cu 10 =~ 2354.30 4 51.50 . 85.456 *
L R Ry S R RS S R S R X XX 2 X ]
+ 11« ygl.Cu 3@ = 513.20 * 74.10 * 85.56 *
[ E R R R R R X R R RS R RS R R RN
« 12+ UB2.Cu 30 + 656.50 L 31.70 * 86.03 .
LR Y R R R R R A  E R R R R SR R R R RS
*# 13 & VUB3.Cu 30 487.60 * 72.30 4 85.17 *
(22X R E R R RS F S A R RN R R R R R S X R R R R R A R R R R A R R R R R R R R AR R R RS SRS X 1
+ {4 =+ VUR4.Cu 30 485.20 * 65.50 * 86.50 *
L R R S R Y
*# 15 « VUQ5.Cu 30 - 379.7¢ * 49.60 * 86.94 *
R N S R R R R RS RS R R
s+ 16+ VQL.Cu 9% . 709.70 * 44.40 * 85.66 *
L R R Y X R F R E R SRR ]
« 17 0+ VQ2.Cu 30 -+ 569.1@ * 84.00 . 85.24 *
QO0.00000.0QOO!IQ.l.:"Qll6Qb6{0{}0}0.'60.!!!..00!66.0&.66.0{{50'C}OQQ.QC!
+ 12 ¢« UQZ.Cu 307+ 329.90 » 64.5@ * 80.45 *
LR R Ry Ry R R R R R R R R R
C e -
+ 1%« VURL1.Cu ElRT » 234.30 . 37.50 * 83.99 *
LR R Ry Yy R R R SR SRS R X X X ]
« 2@ s YQ2.Cu 81@*' 2901.7¢ . 30.70 . 84.78 .

BB SR BAPRRBIEI I ARIRRRAB BRI F GRS AR RBERBIEIRART ISR IR RBRBVEREROREEERES

* 1 alive earthworm samples
4 J alive earthworms samples

T A e -+ ———— e
TR .




ANNEX U

B. Concentration data
Cadmium
Copper
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DATE : @2-26-88
SAMPLE CADMIUM
CONCENTRATIONS TABLE
TEST LENGTH : 0 WEEK

[ E X X X R R R YRR 22X XSS SRR RS SRR SRR SRS AR RSS2 22 222
. SAMPLES # UOLUME « CONCENTRATION * CON+VOL * DRY WEIGHT+ Mg METAL/Kg +
* NUMBERS ¢ (in ml) « (in mg/l) * (ug) * SAMP.(mg) « DRY WEIGHT +
(22222 2R 2 2 X2 2 S R R X R R RS S S 2 RS2 XA R R SRR RIS RS XSS S SRS IS XSS SRS A A LS RJ
* U@l. STOCK . se * 0.004 * 0.20 « 86.99 * 2 .
I 222X R R R R R R R X R R SRR R E XS R R S S R S R R A E R R R A X R R A R R XX 2SR R RS RS R
* VUQ2. STOCK * 50 * 0.914 * 9.70 « 108.80 * 6 .
I Y R R R R Yy N R Yy Y X R R R NN
*  V03. STOCK » 50 * 8.009 . 0.45 « 81.70 * 6 .
[ Yy Yy Ry R R R Y R R SR E TN RS
#  UD4. STOCK * 50 * 0.024 * 1.20 « 100.10 * 12 *
I Z R R RS2SRRSR A R R R EE R R R R R R 22 2SR AR S S R R R R R X R RS R 2RSS AR RS R RR R AR RN
* VUBS5. STOCK * 50 . 0.014 * Q.70 + 98.80 « 7 *
(XXX 2RSSR R R R XA SRR RS X SR R X S R XX R AR R E R R X R R R R A RS X 2SS AR RZ RS R RS K22 3
* URB. STOCK * 50 * 0.915 * 8.75 + 79.60 * 9 *
ARARRERFUAREFEEREERBFERFERRIERERR RN ERBERA AN RRRFERERAFBERRBIRRERRRERERERERR RIS
+  LB7. STOCY . 50 . 2 @19 + 2.95 « 1ez.10 . 9 -
FRERERBEERABEREF SRR E R R A SRR R B ER S RR R R R R R A BRI EERARBAERBAE S EFTRRRBRR TR TSR RS
* V@8, STOCK * 50 * 0.015 * 0.75 « 73.90 * 10 *
RERERERAER BB R A REFBERRLEEERRFIRREERFTRAFRBRRERBA SRR R FRBRBEIREER BB AR RARREL AR RREE S
*+ V@Y. STOCK * 50 * 0.022 * 1.10 » 63.30 * 17 *
X 2 R R RS S X SRR R R R R R S R E R R A R R R R R R X RS R R R A R R X A X R E R R R R R R E S R R X 2R X RS AR R RE R ER 2
* U1@. STOCK * 50 * 0.009 * 9.45 + 132.10 * 3 *
2R R ER R SRR R RS AR R 2 R R R R R R R R R R A2 R R R AR R A S R R S RS R R R AR AR R AR RS RS RR S R R R R RN
» Uil. STOCK * 50 * 0.021 * 1.5 » 89.00 * 12 .
EZRRRRAERRRARERRRR IR R RAE PR FEREFRREF SRR EREREFRBARBBREERBARAEEATR IR FRAEERRE PP ERI SR
# UlZ. STOCK * 50 * 0.011 * 0.55 + 100.00 * 3 .
RERRERBRBBAREREREN R AR EFERRERRRRFREERERAEERRERERERR AR EREARERBIRFIRERRRBEIRN N
* V13, STOCK * 50 * 0.022 * 1.10 + 94.70 * 12 .
ERAREFERERRRRERREREBE R IR FRRBESBRERERER A BEER IR ERABRAARRFARRREAFEAIERRRERRIRI S
.
* V14, STOCK * 50 * 0.008 * 0.45 = 109.70 * 4 *
IZ 2R X2 X R RS R R X A K R S R R R R R X R R R R R R X R R R R R R R R R R R R R R A R RS R E R R R RN SR 1
* V15, STOCK * 5@ * 0.005 * 0.25 = 95.90 * 2 *
RREFARRBERERBAEERARRTE AR SR FRERERRE AR R TERALRRFRAERF DL LR FEERERLERARAEIE GO R OENINS
+ VIB. STOCK * S0 * 2.003 * 8.15 = 68.10 * 2 .
X R R RS R R R S AR RS R R R R R RS X R X R R R R R R R E R R X R R R RS R R R R R R R R R RS A E R R R R R
* VU17. STOCK * 50 * 2.002 * 2.10 « 94.50 * i *
LR Y Ry R R RS X
+ V18. STOCK * 50 * 2.007 * 0.35 « 98.90 * 4 .
AR R R R R 2R 2R 2 2 2 R R R R E R S S R R R R R R R R R R R R R R R R R R R R R R S S R RS R SRR R R K 2
+ Ul9. STOCK * =1} * @.000 * Q.00 - 2.29 * [} .
L E R R R R RSS2SR R X R R X A 2R R A R R 2 X R R R R R A X R R R R R E R R A X SR R R R X R X RS R R E X 2 ]
* Y21, STOCK . 14 * 2.000 * 0.00 - 52.3@ * ] .
AR XA R R R A A A A X R R XS X E R R R R R RS R R X R R R R R R R R R E AR R R RS R R RS X RS E SRR R
» V23, STOCK * S0 * 0.006 . 0.30 - 79.10 * 4 *
AR BSRRARSBB BN BB BRERARFRETRRARBRBFRNAEFARNBRPERFAARAATAIAFARRESASARBRRBRSE RN
* Y24, STCCK * 50 * @.007 * 8.35 « .91.36 » 4 +
(X X X X R R X2 XA 2 R X RS R 2 R X X X R R X R Z R R X R 2 2 R R R R R X S E R X R SRR RSRS SRS R R R RN R ]

* V25, STOCK . 5o * 6.014 * 0.70 « 96.19 * 7 .

XX I R R AR R A X R X R X R R R R S X R R R R R R R R R R X RS R X R R DX IR RS RIR XSS SRR RY R XX 3




DATE : @7-08-87
SAMPLE CADMIUM
CONCENTRATIONS TABLE
TEST LENG6TH : 2 WEEKS

I I I T T T T TR R T T T T TR P Y YT R AR X R Y
. SAMPLES * YOLUME » CONCENTRATION « CON#VOL « DRY WEIGHT+ Mg METAL/Kg +
* NUMBERS * (in ml) « (in mg/1) + (ug) * SAMP.(mg) * DRY WEIGHT =
I I I T T Ty YY)

+ VUQl. BLANC * 100 * 0.279 * 27.90 « 212.8@ * 121 *

ARERBBERBERR R RRERR BRI RR BB R BRARRR BB RARARR R RSB R B RREFIRERRFRAERRRREL AR ERRREI R

*+ U02. BLANC * 50 * 0.541 . 27.05 « 130.90 * 207 .

REBFRARRABPBFERGERRRFR AL ERRBERRERRBRRRRAERFRGBRERRFTHRASSFFERES SRR FENFEIRZERIERRE R

« VUQ1.Cd 100 * 50 * 1.091 * 54.55 + 144.35 * 378 *

LR E R R IR R R SRR R R R R R R R X R R R R A R R RS R X R AR R R RS R R R S R RS 2R R R AR R RS R RS R R R E R R R SRR ]

« V02.Cd 100 * 50 * 1.061 * 53.05 « 141.80 * 374 *

I X2 R 222 RS R R RS SR Z RS R R R R X R R XS R E R RS R R R A R SRR S R E R R R R A XA R R R X R R XS AR R RS

+ VU03.Cd 100 * 50 * 0.413 * 20.65 + 47.70 * 433 *

REEERBRRBBAERBUR AR REFERARRRERRERRF AR FRRARBEERRRERBRBERETRAREEREERAERBE RN TR

« VUQ1.Cd 300 * 50 * 1.368 * £68.40 » 144.85 v 472 *

R A Y Yy R A R R R A R R R R R R RS

+ V@2.Cd 300 * 50 . 0.919 * 45.95 « 93.60 * 491 .

I E R R R R S R R R R R R R R R R R R R R R R R R R A A R R e R R R A A R R S S R R A SRR RS R RN

» UQl.Cd 900 * 50 * 1.627 * 81.35 + 151.80 * 536 *

I E X R Z S SRR EER RS R R R R E R R 2 S R R R S R S R 2 S 2 R SRR R R R RS S R R R R AR RS RS AR RS EREREER L X EE 2

+ V02.Cd 9ee * 50 * 1.868 * 93.45 + 159.80 * 585 *

RERRREREREERBER R AR R EREERRRRERBRAEAR SRR REFRERBRRFERREREFEFER AT RE LR ST R PR ER R

-



‘e

DATE : 11-26-87
SAMPLE CADMIUM
CONCENTRATIONS TABLE
TEST LENGTH : 1 WEEK

I I T I T Ty Y Y Y R Y Y Y )
. SAMPLES + UOLUME +» CONCENTRATION + CON#UOL # DRY WEIGHT+ Mg METAL/Kg +
* NUMBERS * (in ml) ¢ (in mg/l)} +  (ug) ¢+ SAMP.(mg) * DRY WEIGHT

BEERRS R BB R RER B R AR AR RSB TR RAEF RSB R RS ER BB B F RN BER BB R SR A B AR A AR RFRRRERTER RN

+ V@l. BLANC * S0 . 0.001 * 0.05 » 1067.00 . 4] *

RERERBARAERERERBEREFRRREPRAEEERA LT IRRF BB ERERR AR BRI RBEERRRRBRERRESREFFEERREERAEERES N

* U@2. BLANC * 59 * 0.001 . 0.05 «+ 114.80 * 4] *

2 X2 X 2 222 2 XS SR R R S R R 2 2 2 X 2 R X R R R 2 R AR R R 2 2 X2 2 S X R SR X RS RS S RS 28R

+ V03. BLANC * 5¢ 0.008 * 0.40 + 96.75  « 4 *

EARBEBABRBRARR R AR ER B R ARRRARTRERAREEREREFRRARRRNAEEER AR PR RRAERIIFRRERRRERRERRER

+ V@4. BLANC * 50 . 2.005 * 0.25 +» 102.70 * 2 *

AR BB R B R R EREF R R R BR R R R R E SRR R R AR AR RRER R R R R R AR R R AR TR ARG BB RBR R R EREERERS

*+ V@S5. BLANC * 50 * @.00S * 0.25 =+ 124.75 * 2 *

X R EE R XL EE TR RS SRS AR R 2R S R R R R R RS R RS S 2 S22 SRR SRS R RESEEZE SRR RS SRR R 2

+ Val.Cd coe * 50 * 2.528 * 26.40 + 103.40 * 255 *

I Z R XS SRS R RS SRS RS RS SRR R X R R RS R RS R 2SS RS RS S SRR SRR SRR RERE R Y X 3

+ UQ2.Cd 600 * 1 * @.555 * 27.75 + 120.80  « 230 *

I I Ty R e Y P Ty T R IR T ST
+ UB3.Cd E?? * 50 * 9.491 * 24 .55 = 1!E.4S * 211 -
R L R L I R Yy R Y s s

+ VU04.Cd 600 * 50 * 0.668 * 33.40 « 105.80 * 316 *

IR RS R RS R R A RS2 R R R R R S S SR R R R R R S R E RS A R R A EE R SRR R E RS R R RS SRS SR EEER RS RN 3

# V@5.Cd 609 * 50 * 0.396 * 19.80 = 90.10 » 220 *

BERFER RS R FERR R RER R RRESE R R EFRRRFRE TS RERERERFRRER AR BAEERERRBER AR ER SRR R

# VU@1.Cd 900 * 50 * @.736 * 36.80 + 103.10@ * 357 .

IR R R R X R R R XSS R AR R XS R R R SR RS X R R X RS X R X 2 Z 2 S A R R R R RS XSS RS SRR SRR R RS SRR N R R Y )

* VY@2.Cd 900 * 5@ * 0.623 * 31.16 + 96.10 . 324 *

RAERRFREFRBRRRRRRERERREEFERERLESRBRERRRERFRERBERERRERERREEERERERERF AR R ER RSN

+ V@3.Cd 900 * S0 * 0.822 * 41.10 « 126.50 * 325 *

AR R R ERS R R RS X R AR R R R RS RS R RS S A R R R RS R R R R RS R R R R X SRR R ER R R SRS E RS RN FRR

* V@4.Cd 900 * 50 * 2.629 * 31.45 » 107.80 * 292 .

I ERZ SRR R R R Z A R XA AR RS SRR SRR SR R RS S R R R R R R R R R R R R S R E R R R EE SRS ERE SRR SRR ERE R 3

* V05.Cd 900 * 50 * Q.757 * 37.85 «» 100.35 * 377 *

I EE R S A R E R R R R R R R R R R AR RS S R S R RS R R A R R RN S XY S R R R R R R R R 2 SRS AR RS RER R R X 3

+ Vo1.Cdlzee * S0 * 0.536 * 26.80 « 94.20 * 285 *

ERRFEERERRERRRERERFRERFRFEFRERERRRRAFRERBBFRBERERERBRABRARARERERAEERLARRERRERREE S

+ V02.Cd1200 * 50 * @.552 * 27.60@ « 86.75 * 318 *

RERERREERERRARRE R F R ERRER R R RFRRAE BRI RRRRRRRE AR ERRRBRERN AR FERBEFERRERE R R

# yez.cdlzee * 50 * 0.569 * 28.45 + 101.8¢ . 279 .

(A2 R R 2R RS R R AR 2 R A R R R R R R R 2 R R R E R RS S R A R R R R R R A R R R R RS E XS SRR R R R R N NN

+ V@5.Cd1200 * 50 * 0.461 * 23.05 = 64.30 * 355 *

FRAREBEERBPEREERRERER LIRS AR RAPFARERRBERR AR BB B IS RERRRR X EIERFERLN ORI

+ Vol1.Cdi500 * 25 * 2.048 * 51.15 + 28.70 * 1782 *

(X ZE R R XS R S R R X R R R R E R R X R R 2 2 2 R R SR R XSS R X R R R R R R S 2 Z X SR RS RS R A SZEEERES S XX R 3

» V02.Cd1500 * 1Y) * 1.092 . S4.60 + 97.90 * 558 »

FESBRBERAERBE RN EERRRRERERRRRA R SRR LSRR RN AR ERBERERFRRBRRRERARERRERARE AR RN

+ UB3.Cd1S00 * 50 * 0.725 * 36.25 + 67.40 538 *

BHEAEFRABERFREREER R RS AL EERR ISR AERBEERBFR SR BEPERRBEFBRRRERAEASBIRRARERBERF AR RES

+ VU24.Cd1500 . 50 * 1.061 . 53.05 87.60 * 606 *

(22 RS E SR R R 22 2 R R R RS 2 E R R R R E R R R R X S R S R S R R A R X R A SRS SS XSS R RS R 3

+ V05.Cd1500 * S0 * 1.415 * 70.75 + 101.60 * 696 *

(XA X R R RS R 2 R A R R R R R R R 2 e R R R S R R R RS R R R R R R RS ES RN E 3

+ VQl1.Cd180oe * 50 * 2.153 + 107.85 « 126.20 * 853 .

BREBRESARFEERRRARBRBRNARRRRAERARRRPBREERRERBERARRERPBARNEBIARRBRREERARSEFAREERIIERD
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0ATE : 11-24-87
SAMPLE CADMIUM
CONCENTRATIONS TABLE
TEST LEN6TH : 2 WEEKS

R I I I T Ty Y R R Y Yy
* SAMPLES + UOLUME « CONCENTRATION * CON+UOL « DRY WEIGHT+ Mg METAL/Kg «
. NUMBERS # (in ml) « (in mg/1) + (ug) + SAMP.(mg) + DRY WEIGHT »
R T R Iy X T T R S

+ UBL. BLANC + S0 s .008 *  0.40 « 87.50 5 .
BREERERE R AR BRI RA RN SRR R R R RN RS R F SRR BEREFRE R R R ERERFAIRERRFERFARIEAFRERAARRERARER
+ UD2. BLANC » S0 s 0.011 +  0.55« 75.60 + 7 .
FERSEF RS R R EREA SRR R RAPE AP B SR F R R A FRTRB RSB AR ELHRRREEERERRIRRERRERRERRRERRNREN
+ U03. BLANC » 50 e 0.008 +  0.40 + 81.90 5 .
I E R R R R R R R R N R R R R R R R R R E R R R R RS R R R RS RS RS2SRRSR R R AR SRS
+ V@4, BLANC + S0 e .003 +  0.45 % 86.70 5 .
I R T R Y R S A R RS A RS R R A RS X RS RAER RS2SR XX NS X 2 K 2
* UDS. BLANC + 5@« 2.010 +  0.50 + 109.60 » 5 o«
FREFERREERFBRREAR A E AR AR AR FRERERRARRERERRERRBRRRRRBRRERRRRRREAERRARFERAE SRR E RS
+ VQl.Cd 6O + SO+ 0.660 » 33.00+ 89.10 370 .
FEARERAAERE RN AR AR SR ERRER A FRRRRRFRERRARR AR RRERBRFRRERERERREREEERERE R ARSI RN
+ U02.Cd 600 ~+ 50 » 0.762 + 38.10 + B83.60 456
EERERERRAREBRRTER AR R AR BEE R AR IRRER IR RERBRIERRERERRERERRBERRNERFI AR RSN
« U9I.0d4 BO7 s+ SR« B.cat + 27.05 «  52.90 o« ise -
EREREEEREPERERBERRERAERDI R AR ERERRERRREERRFR A ERAERRERERAREFFREREERRREER R R RN
+ UD4.Cd 6B * S0« 0.439 +  21.95 + 75.10 292 .
ERERFRRRERAERRARRARBERREARRERE R RN E RSP R EAREFERERERFERREEARPRBRRRERLAR AR AR LS
« UD5.Cd 600 + 50« 0.619 + 30.95 + 76.50 405 »
EUXBEESRFBERF R EEREREREFEERERRAERELRFEARRBA AR RERERERRAEERREFRN IR EREREREEF R RR RN
» U0l.Cd 908 x 50« 0.744 + 37.20 + 7045  « 528
IR R R R R R R R R R R A R R R R A R R A A R A R A R AR S A RS R AR RS RE EE R EENS
+ vp2.Cd %@ <+ S0+ 2.858 +  42.90 « 107.70 + 398 o
IR R R R R R R R R R R R R R A R R A S R AR R R SRS RS R AR R R R N]
+ Ve3.Cd 908 SO o 8.775 +  38.75 %+ 91.25 a2s o+
XSRS RERSERFRERAREFRRERRAAERERIR IR AL RS ETRFAERERF R B R AR EFERERFERFFXLFRBRRER AR S
+ UQ4.Cd 908 + SO 2.792 +  39.60 + 73.40 + s40 -
AEERR R ERREE R F R R AR R R BRE LR RRE R AR AR ERFFE R FR RS IR RS R EERSERERLER R RERZRRRRII RPN
+ UD5.Cd 9@ + S0+ 1.100 + 55.00 + 79.50 gaz .
FRRBREP AL BB R RERRERERFRRERRREFREFAFERRERERERBRBBPEEREFRFIFERFRRARFF RN RERR AR AR SR
» UL1.0dI200 + 50+ 0.749 »  37.45 » 58.10 » 645
SRR S LRI N R AR B R R FF R F R FRBEE RS R IR B E AR A AR RERAFRRR AR R R R RERERE R RRAT R RO 82 ¥
» UQI.Cd1200 + S0+ 0.663 +  33.15« 94.30 o 352 .
EREF IR LR RREI R R RERFRR R PE PR E R FEFRARBRRRRER B FRRRR TR ERFCERBRRRRIE SR x
« UB3I.C41208 - S0 - 0.541 v 27.05 + 62.30 « 434
REEEER P EFFRFRFRR AR R AR FERBEARF B ESRERRFSEERTFRRREFERRRRFEREARF RS EIRRNT P IR TP
» UB:.Cd1208 x50 o« 0.770 + 38.50 + 64.30 + 593«
".i’“l"ll’l"ll.l'*}.*Qllf’i""i’l”l"."“.*“*CQ'!'*’Q’G‘(.!’l!‘“{’&ill.i&!l&
+ Uel.CdIS0@ ¢ 50 1.071 + 53.55+ 71.40 » 750 o
IR R R A R R R R R R E R R R R R R R R S S R R R Y AR SR A XSS R R AR 22 2SR RSRA R SR RERD S
+ UQZ.CdIS0@ + S50 .580 » 29.00 + 86.80 o 334
RREFSEFRABRSFH SRR ERRAEFRR AR AT RRIERRAARBEFRERERARRELARIRAERFBRAARERFERRESR NN
» VUG3.CJ41S08 » SO« 0.829 +  41.45 e+ 79.30 523«
IEZ R X E R S X R E R R R R E R R R R R R R A X R R R R X R R R R R R R R A S A R R R R R AR RS Rs AR XS

*
¢ Up4.Cd1500 * 50 * 0.692 . 34 .60 = 97.00 ® 257 *
*

[ A e AR R R R S R R R R R R A R R A R R R A R XS R R RSN

=

» URL1.Cd1200 * 25 * 0.484 * 12.10 » 27.00 * 448

[ R R R R R R R R R S R R A R R RS R R R R SR A R A A R R R R

R rmn
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DATE : 11-24-87
SAMPLE CADMIUM
CONCENTRATIONS TABLE
TEST LENGTH : 3 WEEKS

[ R R Ry Xy R R R R R Y R R R R R R R LX)
* SAMPLES * UYOLUME « CONCENTRATION # CON+UOL + DRY WEIGHT+ Mg METAL/Kg *
* NUMBERS + (in ml) # (in mg/l) « (ug) + SAMP.(mg) * DRY WEIGHT «
LR R R Ay e R R R R A R R X R R R
+ UQ1. BLANC * 50 * 0.015 . 0.75 « 74.80 . 10 .
FRR B R R AR RSB R AR R R R ERER RSN R AR T ER AR SR AR R FRF RN R R FRRRREFFRARAERERRERE RN
* V@2. BLANC * se * 0.024 * 1.20 « 97.40 * 12 .
LRy R R R R R X )
+  UQ3. BLANC * 50 * 0.023 * 1.15 = 58.00 * 20 .
Ly R R Y X
+  UQ4. BLANC * 50 * 0.019 * 0.95 « 79.7@ * 12 .
L R A A R Y R R 2
+ UR5. BLANC * 50 * 0.026 . 1.20 » 83.39 * 16 *
L Y Y R R Y )
*+ VUBl.Cd 600 * 50 * 0.724 * 36.20 = 76.90 * 471 *
IR R Ry X RS S RER S XN
*» VB2.Cd Geo * 50 * ©.800 * 40.00 + 75.70 * 528 *
I R R R R R R
» U3 .0d EQC * 50 . 2.7 * Z5.55 = 7i.9e “ 49z *
I Ry R
« V04.Cd 600 * 50 * 2.643 * 32.15 + 75.00 . 429 *
L R Ry X S R R R
+ V05.Cd 500 * 50 * 0.7486 * 37.30 = 78.20 * 477 *
L R R s Ry Y )
» Ve1.Cd 3500 * 59 * 0.767 . 38.35 « 73.50 * 522 *
L O R Ny e Y R R RS Y
» V@2.Cd 900 * 50 . 0.652 * 72.60 » 80.00 * 408 .
L R R R R s R R Y S
» UR3.Cd 500 4 50 * 2.769 * 38.4% « 71.20 * S40Q *
O e Y
» U@4.Cd 900 . 50 * 2.698 * 54.90 « 70.40 . 436 .
R R XY
+ UQ5.Cd 900 . 50 * 0.476 . 2Z.80 = 2.60 * 380 *
L O R R
» UV01.Cdiz200 . 50 * 0.815 * 40.75 « 31.82 . 444 *
L Y ]
» UgZ.Cd1zee * 50 * @.555 * 27.75 = 58.80 * 464 *
L R O R R Y
* V03.Cd1200 * 5@ * 0.629 . 31.45 » 63.50 . 432 .
LR e N R R LR N Ry
« V@l.Cdlseo . 50 * 0.451 . 22.55 » 44.50 * 507 *
I R I e s I oo
« Ver.Cdigee * 50 * 0.631 * 31.55 » 52.80 * 621 *

L R O N Y S Y TN
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DATE : 11-23-87
SAMPLE CADMIUM
CONCENTRATIONS TABLE
TEST LENGTH : 4 WEEKS

I I T sy R YR T N R oY
* SAMPLES * UOLUME « CONCENTRATION + CON+UOL « DRY WEIGHT+ Mg METAL/Kg *
b4 NUMBERS + (in ml) » (in mg/l1) +  (ug) « SAMP.(mg) « DRY WEIGHT +
R I I I I I I I I T T TR

*+ VUQl. BLANC * 50 * 0.022 * 1.10 = 61.00 * 18 *

(22 R R R R R Y Y T R R Y R R R R R R R R A R A R R R R R R E RN

+ U0Z. BLANC * 50 * 0.013 * 0.65 + 76.80 . 8 *

REEFRRRERARFRFERREABRERAARFRARR AR RB AR F LB F LS F R RREZERFAEARRRLEIREEER TSR B IR RI S

« VU03. BLANC * 50 * 0.019 * 0.95 » 54.80 L4 17 .

IZ R R R R Ry Yy R R R R R A R A R R

*» V@4. BLANC * 50 * 0.022 * 1.10 = 53.6@0 . 20 .

I R R R R R Ry Ry e R R R R R R R

+ UB5. BLANC * 50 . 2.013 * 2.65 » 65.10 * 10 *

I Z Y R YRRy R Ry R Ry R R R R R R R R R R N

* UQE. BLANC * 25 * 0.027 * @.68 » 35.990 * 19 .

I R Y PR R R Y R R R R R R A R R R R A R S R S A AR R A R R A R R R R R

+ VQ1.Cd 6@0 * 50 * 1.180 * 59.00 « 120.50 * 430 *

I I I I I I I I O Ny Ty R R R RN
« UQ7 Cd RO2 * Sid . 1187 . GE.35 » Qz .87 . 57a .
L I I I I PR TR

*» V@3.Cd 600 * 50 * 2.761 * 38.05 » 65.6@ * 580 *

R R R R Ry R R R A R R R R R R ]

*+ VU04.Cd 600 * 50 * 1.133 * 56.65 -+ 69.40 * 816 .

R R R R Ny R R

* VB5.Cd 600 . 50 * 0.942 * 47.10 + 78.30 . E@2 .

e R S R Y R R

+ Vel.Cd 300 * 50 * 1.39% * 63.75 = 86.7@ * 804 *
L N T
+ Vez.Cd see * 25 * 1.116 * 27.90 + 36.60 . 762 .
I R YRR RN
*+ Up3.Cd 900 * 50 * 1.230 * 51.50 « 76.E0 . 801 .
EERRREERE RSB F R IR ER R LR R R I R R R AR IR SRR R R AR RN A REN SR ERR RN P I E P S E S R EP LR P LY
> V01.Cd1200 * S0 * 0.826 * 46.30 = 51.20 . 904 .
L R e R
« Vez.Cdl1200 * 25 * @.8093 * 20.23 » 23.50 . g5l .
Ly R R R R N

*+ UB3.Cd1200 * 50 * 0.899 * 44,35 » 52.1@ . 8532 .

I Yy Ry R R R Ry R R R R R

+ UQ4.Cd1200 * 50 * 1.053 * 52.65 + 64.90 . 811 .

I R R R R R R RS

« V05.Cd1200 * 25 » 2.606 * 15.15 » 20.40 . 4938 .

L R R RS

« V01.CdisSee * 25 * 0.720 * 18.25 + 26.60 . 586 -

I R R R R R R R R R R R Y R R R R

» U@!.Cd180@ * 25 * 0.762 * 19.05 + 23.80 . 800 *

I R R R R R R R R R A R R A R R R R R R R R A R R R R A R R R R R S R R R R R

+ VU01.Cd2100 * 25 * 0.5689 * 14.23 » - 23.70 . 620 *

P Y Y R R R A R R R Ry Y e e R R Ry T Y e R A X R R R
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DATE : 02-26-88
SAMPLE COPPER
CONCENTRATIONS TABLE
TEST LENGTH : © WEEK

REAEBRAR SRR AR PR AR R R ERER R ER ARG R R FER AR R PR FRARARAR GRS LSRR FEFERBEER RO RGN
. SAMPLES *« UOLUME + CONCENTRATION « CON#UOL + DRY WEIGHT+ Mg METAL/Kg #
- NUMBERS + (inml) « (in mg/l) # (ug) « SAMP.(mg) * ORY WEIGHT «
IR R R R R R R R R e R R R R R R R R S AR R R AR RS RAR R R A AR LA RN AL SRS
*+ UQ1. STOCK * 50 * 0.0917 * 0.85 + 86.90 * 1@ *
IR 22 R Y e N Y R R Y R R e A R A R R S A R R A A L R
« VUQ2. STOCK * 50 * 0.023 * 1.15 « 108.92 N i .
FRREBRRREBER BB R EBE B AR R BRI AR F R AR E AR RAERNRARRFIRER PR RHE I ERIR GRS AR AR E RN
*  YQ3. STOCK . Se . 0.018 * 2.385 81.70 . 12 .
I R Yy R N N R R R R R R R R R s
+ V@4, STOCK * 50 ¥ 9.022 * 1.10 » 100.10 . 11 *
IR X R E RS R S RS R R R R R R R R R R R X R RS E R R RS R R R A A R AR R R R SRR E R SR ARE RS R0 S
* V@5. STOCK » 50 * 0.218 . 0.90 « 98.80 . 9 *
I XX RS XS X R RS SR S R RS R R S R RS R R R R R R R R S 2 X A R R LR R R R R XA R S A XS R R RS RS R AR R E S RN
# VOB. STOCK . 50 * 0.016 * 0.80 + 79.60 . 10 *
I R R Y R R Ry R Y R R R R R NN
»  Un7  STOCK * se * n 2! . 1.5 « 10217 . 1e .
[ ZE S E R R SRR R AL R R A R A R SR R R R X R R E X E R S R S R R R R R R R R R R R XA X RS R R SRR AR SRR EREN 4
* U@B. STOCK * 50 * 0.023 * 1.15 » 73.90 . 16 *
I R R R R R Ry e R R R R LR
+ VQ9. STOCK * S0 * 2.013 * Q.65 « 63.30 . 19 *
Ry R R R R R R R R
+ U1@. STOCK M 50 * 0.027 * 1.35 « 132.10 . 19 *
EE R R E R R R S R R R e A R R A R A R R R R R R R R R R R R R R R R R A R R R R R R S R R A R R R ]
*+ VIl. STOCK * 5@ * 0.022 * 1.10 » 835.00 * 12 *
(2 X EX R SRR RS R SR S R A R R R AR SR R AR S R 2 A R R S R R R R R R A R R R L R R R R R R R A R A R R AR RS R R R R RS
« V12, STOCK * 50 * 0.033 * 1.65 « 106.00 . 17 *
Ry R R R R R R
* VUl3. STOCK * 50 * 0.025 * 1.25 » 94.79 . 13 4
AR E R X R RS X R R X R R RS2 R R X R R A AL S S R R E AR R R R R R A R N A R A R R R R RS R R R R RN
*» VUl4. STOCK * 5@ * 2.e21 * {.05 » 1068.70 . 10 *
L N S e R A R Y s
+ VLG, STOCK * 50 * @.024 * 1.20 » 95.3¢ * 13 *
[ R Ry R R R X ST RN
* Ulb. STOCK * SS9 * 8.021 . 1.85 » 68.10 » 15 .
I R R RS R R R R e R RS R R
*» V17. STOCK * 50 * 0.213 * 8.95 94.50 . 10 ¢
L R N R R R )
+ Vl18. STOCK * 50 * 0.028 * 1.40 » 98.90 * 14 .
A E R R R R BB R R B R R RN RN E R R F RN RN R R A R AR R R A R AR R I RS ST E R P FH TSP e ST AN SRR RN RN N NN *
+ VU19. STOCK * 50 * 2.015 * Q.75 » 2.2 . 12 *
XX RS R A RS SRR SR S R RS S R R E S R RS R R R R E R R R R R RS R R AR R A R N R R R R R R R R R R A R R RN
* Y21, STOCK * 50 * 0.015 * 9.75 » 52.30 * 14 .
I R R R R Y Yy Yy e R R R S SRS ]
+ U23. STOCK * 50 * 0.922 * 1.10 79.10 . 14 *
LR 2R R AR R R R AR R AR 2 2 2 R X Z A X AR X X R X R E R R S A R E RS Y XS R R S S R S X R RS RS RS R E R AN N R Y X
* U24. STOCK * 50 * 0.022 ’ 1.10 = 91.30 . 12 *

I Z 2R R R R R A R R X R R R R R A A R R R R R A AR R R R R R R R Y R R R S E S R R R RS R S R R NN NN NN

# V25, STOCK * 50 * 0.933 * 1.65 = 96.19 . 17 .

BRRBERBAERARERRREER AR R BERER A SR E AR E R AP R R RERFAERP IR RN TR RS L R IRV G RR Y



DATE : Q@7-08-87
SAMPLE COPPER
CONCENTRATIONS TABLE
TEST LENGTH : 2 WEEKS

FRBEFERRBERERRRERERREERSRRA R ARG SR PR REER AR SRS ERUREBRRBPEARERBEIRERRR SRR RRFEARERREEE
* SAMPLES +« UYOLUME » CONCENTRATION = CON#VOL « DRY WEIGHT+# Mg METAL/Kg +
» NUMBERS + (in ml) = (in mg/l) + (ug) + SAMP.(mg) # DRY WEIGHT »
BERAREERERARAEERRARRRRRBARFREERBERRSEFRRARRFRFRRARAERRFREEER BT RLER BB ARERAREREERERE RS
+ UPLl. BLANC * 100 * 0.015 * 1.50 » 212.80 * 7 *
LA A RS R R E R R R R R R R R R R R R R R R R R R R RN R R R A R R RS R RS R A2 2SR RS RS2SR R R X X 2
*  UY02. BLANC * 50 * 0.024 * 1.20 » 130.90 * £] *
FRBAERERRERARBERRAABRBEERRAELE SRR RS AEREP AR PSSR G RR SRR RS R RBABRFERABRERRARF AR RARE
¢ UBl.Cu 10 * 50 * 0.048 * 2.40 « 87.20 * 28 *
L E R R R R R RS R R R RS R R R R E X R S R S R R R R R AR R R R R R SRR Z RS R R IR RS R RS ZRERRR SRR E R R N 2
+ UR2.Cu 10 * 50 * 0.104 . 5.20 +» 142.85 * 36 *
AR EE R E R R R R EE R R XN RTE SRS S RS RR SR RAERR AR RARRERSRR RS RS R RS R YRR R SR YRR R R YR R E R R R Y R
+« VY01.Cu 30 * 100 * 2.286 * 8.60 + 177.7S . 48 *
I EE XX R ERER RS S Z R R R R R RS R R R RSP R R R R R R R RESESRZEZ RS ERRR SRR R R SRR R R SR N R R R
= UB2.Cu 30 * 5e * 2.071 * 3.55 +» 89.60 * 40 *
(I E X R R EZ R E R EE R R R R R RS RS R RS RS E RS R R R R R R R A R R RS RS RS E SRR R RS RSN RRER SRR R RN N 3
« Ul Cu 99 * 50 * n Zaz . 19,66 » 148 302 . 174 .
RERERREERRRELEREEERFFSEFEREERRS LSRR EEREFRRFRREEERBREREFPREFRRERRFRLRERERERFRERERER
+ U@L1.Cu 270 * =Y * 0.284 * 14.20 = 79.90 * 178 *

I R R R Ry Yy R R s R R R R R R R R Y]

P
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DATE : 02-22-88
SAMPLE COPPER
CONCENTRATIONS TABLE
TEST LEN6TH : 1 WEEK

SRR ERBERRBEREFRBRERBRERRETRFBAERREREN RS AR B ER B E B G R R B R A BEREESERE B ERRIRERBER RN
+  SAMPLES  + UOLUME + CONCENTRATION ¢ CONsUOL * DRY WEIGHTs Mg METAL/Kg =
*  NUMBERS  + (inml) * (in mg/1) + (ug) + SAMP.(mg) * DRY WEIGHT »
BAEERS R AR SRR B ERR BB RRRBRR G RSB ER AR R EFER R AR B ERTRRRPRER SRS ERRBEEERA B RN ERE RS
+ UBL. BLANC + 50 ©.022 ¢ 1.10 %+ 113.60 e .
(2 X R R R R R 2 SR R SR RS SRR R R S R SRR R AR A R R RS R RS RS2 R RRZ XSRS R AR SRS AR S ]
» U@2. BLANC + 50 « 0.020 +  1.00 + 115.90 3 .
BRARBFRERRRRERFERERBRAA R BN RR AR BRI REREERRERBERN BB EFSERARAAFRER RS RSERRAREE RN
» UB3. BLANC * S0 0.014 +  0.70 « 114.10 » 6«
IZZ S SR F R R R RS X R R EE XX RS R R R 2 2 X S S R R R R R R X R R X R EE R RS XA AR S AR RS R X S XX
» UB4. BLANC * 50+ 0.014 + 0.70 + 73.40 10«
FEEERRERRDPRREREF AR BB R AR AR SR AR ERRRBTRBIRBRERNR A BRI ERFR TR FRRRFPRERFTRRAAARRRPERE IR
+ UOS. BLANC + 50+ 0.014 + 070+ 83.20 8 o«
ARRRREERRARRRER BB EERREER R R EF R R AR RS R HRRRBPERERBEFASRERERAIREFEFRERERRFPUBRR RN
* UBL.Cu 10 + SO + 0.034 +  1.70 + 104.10 + 165«
BERABELEFBRBERABRRESAERBES RS BESRFBERBIEBRARPFERVLELF P REREF SR EPFER P ES SRR
* VB2.Cu 1@ + 50 0.023 *+  1.15+ 83.30 14 .
EERBERRR RS SRR RBERRE LR R R B BAR R LR R B AR RFRRFER R R R ER SRR FEEREREB R ERBRRBRERRAER RS
* VU03.Cu 10 + 50« 0.042 + 2,10 % 129.10 16«
FREERRBRARRERERREEREERRBERFRRRRFRAFERRAE BB FERRRRIRBRRBRBAEFRRERRFE BB RER BRI SR LSRR
» U@4.Cu 10 » S5O« 9.026 * 1.30 « 115.40 » 1.
ERRBERERA PR F SRR EERIRRR AR R ERZRRRER SRR AR ERFR BB R RRARFLESRFFRALERRERRERER SRR RN
+ UBS.Cu 10 * 50« 0.024 + 1.20+ 98.40 * 12 .
FREFRFARAEAERERFRRERRERRERFRRARERBRLBERERBBLERPFRBAERRERA R ERFRRRRRERRRZTRER RGN
+ VOl.Cu 30 + 50 =« 0.053 «  2.85 + 129.70 -+ 20«
[ EEZZ R R RS R REE SRR X 2 2 R R XS R R E RS RS R R R R R R R R R S 2 R SRR R R A R R R R R R SRR S R X E S SRR RS RS R R 2
+ VU02.Cu 30 « 5@« 0.057 +  2.85+ 8B.40 iz
I E R R R R S R R R RS R R R RS S R R R R RS R R X R R R AR R R X R R R R X R AR R XSRS AR R RS R R R R RN R R R X 7
+ U03.Cu 30 x50 o« 0.050 *  2.50« 7270 34 .
I E X R R R R SR R SRR R R A R R X SRR RS S RS S R R S R R R S R R S S R RS R R R R R R R R RS SR RS RS RS R RN N
*+ V4.Cu 30 + SO« 0.043 « 2.15+« 70.80 30 .
IR X E R R R R R X R S A R R RS R X R A R S X R RS R S R XS R R S R AR R A RS R AR R R R R RS2SRSS SRR R R R R R X X 3
» UOS.Cu 30 + 50 « 0.050 + 3.0+ 87.50 34«
I ZE E R E R R R E R R R R R R S R R R R RS S E 2 R R R R ZZ R R R R R R R X A X AR RS R RS ESR S SREER R RS R XN R X N 23
+ VBI.Cu 90 =+ 50 -« .046 +  2.30+ 84.90 27 .
IR R R R R E R R R R A R R R R E R R SRR R RS R R R R R R R R RS R R SRR SRS R RS R RS SRR E RS R AR XN XX R
* VO2.Cu 98 <+ 50 =« 0.109 +  5.45 « 119.80 » 45 .
(I EZE R AR R AR E SRR AR SRR R R R R A2 R R A X R S R A R R R R R R AR RS AR AR SRR AR RS R AR R R RS R ER R
+ VO3.Cu 90 + 50 0.086 *+  4.30 + 87.70 43«
(I Z 2 X R R AN SRS R R 2 2 2R AR R R R E R S R R R S R R R R R R R RS R AR R A RS2 S R RS RS RSRZ XA R R RS R R 2
+ V@4.Cu 90 =+ S0 0.129 +  6.45 * 108.20 60+
RERBRPBEAFFIRRBRRRBRARERARRB AR RERARERERARERRA BRI AAARRRETRERFLERAERERRRERE RN SRR
» VOBS.Cu 90 + SO o« 0.057 +  2.85 %« 52.30 54 .
I E R RS ER R RS 22 X RS2SR R R R R R AR AR R R S S R R R R AR RS R R R R SR RS2 RR SR ESSSR RS2 R R J
+ UQ1.Cu 270 » 25 = 0.072 +  1.80+ 35.90 « 50«
FRRBAEREBRERARRARRFRARSRERERARBAABRRIEARRBSERRRBERARRRALBEREERRZARBFIARASRREERAIES
+ V03.Cu 270 + 25 « 9.049 1,22+ 15.20 81 o«
BRBEB PR REE R AR AP RBRER RSP AR EFFEERTREARARN PR R B G BB RERERERRBERRAFIEREREPRLEERBRERRER
+ UOL.CuBlD + 50 ©.033 * 4.65+ 50.00 « 33«
ERBRBEARRGRPFRAERARAERAFRARAAF XA AR AEFERRARBRERA R B ERAARERARARAFERRIAARRRRARRR AN
* V02.Cu 810 + SO = 0.074 *+ 3,70+ 456.60 79 .

(2 XX R R R R R 2 2R S RS R R X R R A XX R X R R R R R R R R R RS RS2 A RS2 XA SRS RS R X 2R J

*+ VUg3.Cu 810 . 25 * 0.164 * 4.10 + 12.60 . 325 .

BAERBAEBARERARERRFRARERARIABFREBRBBREFRBRRRRARFAITRARAAIRSEREREERRIRRRERFRBRRERRRRER
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DATE : ©02-22-88
SAMPLE COPPER
CONCENTRATIONS TABLE
TEST LENGTH : 2 WEEKS

PR I T T L L Yy YY)
. SAMPLES » UOLUME « CONCENTRATION * CON+UOL * DRY WEIGHT+ Mg METAL/Kg +
* NUMBERS » (in ml) » (in mg/l) + (ug) * SAMP.(mg) * DRY WEIGHT =+
I T e R R R R XY R R )
« UQl. BLANC * 50 . 2.015 . 0.75 + 48.60 * 15 .
R I I I O R RN
«  Y@2. BLANC * 50 » 2.016 * 9.80 =+ 47.40 . 17 *
T I T T R Ty Y R R R Y Y Y XY
*«  UR3. BLANC * 50 * 0.009 . 0.45 = 47.790 . =] »
NI T I I T T T Yy Yy Y
« UB4. BLANC * 50 . 0.009 * @.45 » 48.00 * 9 *
R I T s T T R Y R R T Y R YRR PRy
+ VUOS. BLANC » S0 * 2.011 * 0.55 = 48.30 . 11 *
R L R I O Yy Y R R Y
*» V@l.Cu 10 * 50 » 0.026 . 1.30 =+ 59.30 * 22 »
R I T Y X ST T TR R
» Y@2.Cu 10 * 50 - 0.237 * 1.85 » 75.70 4 24 *
I T I T T Y R R R T Ry F R R T R Y
« V@3.Cu 10 * s5e * 0.046 . 2.30 « 74.90 * 31 *
I I Ty Ty
+« V04.Cu 10 * 50 * 0.048 * 2.30 « 77.50 * 31 *
I I T T N R Y Y Y Y LR LR AR R
+ VOS5.Cu 10 * 50 * 0.069 * 3.45 « 100.560 * 34 *
AR R R E R R R B RN R R RN RN RN R R SRR R R A RN S RN RN RS E RN AP R RN R R R RN RN BN NN RS AN B RO NN
« VOl.Cu 36 * 50 * 2.071 * 3.55 » 86.8@ * 37 *
I I I O I O R N T I ey
* UQ2.Cu 30 ¥ S0 * 0.956 * 2.0 « 68.20 * 41 *
I I I I T R P R T RN
+ VO3.Cu 30 * Se * 0.057 » 2.85 » 82.30 * 34 .
I I T I I I I I T e T T e T I
« V@4.Cu 30 * 50 * 2.046 » 2.30 » 64.00 * 38 .
I TTTITTTTITTTTTTITITTTTn
*# VOS.Cu 30 » 5@ * 0.062 * 3.18 » 69.40 * 45 *
PR L L Ly O R
+ V@l.Cu 90 * 50 * 9.031 . 4.55 58.20 . 78 »
R I R I I I I I Y Y TR R
*+ UQ2.Cu 90 . 50 4 ?.084 * 4.20 « 57.50 * 73 .
R R I T O T T T T T R Y N RN R R
+ VOB3.Cu 90 + 50 * 0.091 . 4.55 » 52.90 * 86 4
N BN S e BN R RN E PR RN PR R R RN RN B R AR R R A RN N RN R PR R N AR R A RN RGN R RN R RN RN N OB
« VUB4.Cu 90 * 50 . 2.081 * 4,05 + 67.70 * 6@ »
R I I T e L T ey
« UBS.Cu 90 * 50 . 0.121 * 6.05 « 91.30 * 66 *
T I I O R R T R R Y T N P A RN Y
« VU@1.Cu 270 * 50 * 0.088 * 4,40 + 6@.30 » 73 *
R R Yy N
+ UQ2.Cu 270 » =1 . 0.067 . 3.35 + 33.40 * 100 »
R I T I T T T R R Y Y NN YT Y}
+ U01.Cu 810 * 50 * 0.084 » 4.20 » 46.70 . 90 *

BRABBRBERB RN RRFAERR SR RERERRRERERRBRAENRES BRI EFRBRRABRBIRREBALBEIRA RS ERERAPREEE
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DATE : @2-22-88
SAMPLE COPPER
CONCENTRATIONS TABLE
TEST LENGTH : 3 WEEKS

R R R O T R T T T Ty Y R Y Y
. SAMPLES * YOLUME +« CONCENTRATION « CON#VOL # DRY WEIGHT+ Mg METAL/Kg +
* NUMBERS ¢ (in ml) « (in-mg/l) *  (ug) * SAMP.(mg) ¢« DRY WEIGHT +

LA R R R R R TR R R R R R R e R R R R R R R R R R R R R R R R X S R R AR SRS R AR R

« UQl. BLANC . 50 . 0.012 * 0.60 + 53.50 . 11 *

(X A R R R R R R R R R X R R R X R R R R R R R A R R X S RS R A  E R RS R E R R RS

+ V@Z2. BLANC . 50 . 2.025 4 1.25 « 112.90 . 1i .

IR R R R R 2R S R Y R R R R R R A R R R R R A R R R R R R X R A R X X A AR A A A SRS N R X LX)

+ VU03. BLANC . 50 . 0.020 . 1.00 » 81.50 . 12 .

IR R R X R 2 R R R Y R R R R X R R R A R E R R R R R R R S X e R R RS R AN S R R R R S KRR

« VQ4. BLANC * 50 * 0.029 * 1.45 97.50 * 15 *

222 R X R R R R X R R R R R R R R X R R R R R R R R R R R R R S RS RS R R R R X X R

* VU@5. BLANC * 50 * 2.014 * .70 « £7.80 * 10 *

L XA XX R R R RS E XS RS SR R R S R R SR R R R R A X X R R R R R R R R R R R R R R R R R RS RS E RS2 2]

+ V@l.Cu 10 * 50 . 2.041 * 2.05 + 82.80 * 25 .

R R R e N N e P SN A TR RN ]

» VU@Z.Cu 10 * 50 * 2.833 . 1.95 = 104.80 * 18 .

I E TR LR R R R Y R Y R R R R R R R R R R A R X R A R R R RS KR X

+ VU@3.Cu 10 * 58 * 0.053 * 2.65 = 109.3%0 . 24 »

I R R R R e L R R AR X R R R R R R XL AR R R R R

+ VB4.Cu 10 * 50 * 0.043 * 2.15 = 108.30 . 20 *

RRRBAEBETRRAREEFPFSERRIAR R AR ERRRAFRRS SR AR RRRER RS RO REFREPLRARRRLRBRER I RABTRR R

« yU@s.Cu 1@ * 5@ . 2.032 . 1.60 » 66.56 . 24 *

L X AR R R RSN R R R S S A X R AR R R R R R R R R R R R R A R R X R A R A S A R R AR R R RS S E ERR RS

*» VQ1.Cu 30 * 50 * Q.05S6 . 2.80 » 84.70 * 33 *

[ R R R Ry A R R R R R R R R s e R R R A R R R R SR

+ UQ2.Cu 30 * 50 * 0.047 * 2.35 » 68.90 * 34 .

(R R R R R R R R R R R R R e R A R R R R R R A R R A R R X A A R R A R R R R RN

+ V@3.Cu 3@ * E14) » 9.038 * 1.99 » 54.30 4 35 .

(X2 S R A S S R N A R R R R R R R R R S R R A R R R R R R S R A R R R A R SRR R RN

+ V04.Cu 30 * 50 * 0.032 * 1.60 + 48.30 . 23 .

IR A R R R R R R R R R R R R R R R A R R R T R R RS R

« VY05.Cu 30 * 100 * 2.046 . 4.60 = 166.00 * 28 .

(222 R 2 S R R E R AR R A R R R R A R A R R A R R R R R R R A R R R S R A R A X A R R R R S R X R R R ]

*« V@1.Cu 90 * 50 * 0.094 * 4.70 » 75.30 * 62 .

R R R R Ry R T Ry YRR Y Yy R R X R

+ VO2.Cu 90 » 50 . 0.054 * 2.78 = 58.50 . 46 *

IZE R R A R Y R R R R R R R R R R R E Y

« VYQ3.Cu 90 . 14 . 8.263 . 3.15 « 53.00 . S9 .

X R R R R R R R R R A R S R R R A R R R R R A A R R R R R R R RS R R RS RS ARSI RR SRR R R XN 3

+« VUo4.Cu 90 * 50 * 0.064 * 3.20 » 60.90 . S3 *

BERBRAFR R B RBRIRRBEBAABRRBE AR R ERRERIRRRBRBRRARABFRERRRB AR BBRERERRBERBR LB HBREERS

+ VOS.Cu 90 . 25 * 9.9076 * 1.80 26.1@ * 73 *

BARERBERRARRRASABRBRBRBREFESARRERRRES BB BB R BE R RBERRNEVERTRBERRRF LR RRBE AR

= U01.Cu 270 * 50 » @.054 . 2.70 » ' 43.30 . 62 .

BERRR R AR AR R B FEEPR RN BTN RN AR EFRANPBRBINRNARRRRRRRRBRREARR PRGN BRI RERPRIREOREN

+ U@l.Cu 810 . 50 * 0.166 . 8.30 + 101.90 * 81 .

I Z 2 A AR A AR R R R R A R R R X R R A X X R R A R R R R R R S R R R R R X Z X R R R R E R R RS SRR AR ZES RS SR X33

+ U@2.Cu 810 . 50 . 0.143 * 7.15 » 85.1@ . 84 *

[ ZAXEEZ SRR R R XX R R R R R R S X R R N R R A S R R SRR R RS R RS2SRRSR S A SR XX E 20 22

an-

P




DATE : @2-22-88
SAMPLE COPPER
CONCENTRATIONS TABLE
TEST LENGTH : 4 WEEKS

REBRBRURR TR BA B U SRR F B R R R R BRI PR AR AR E PR BRI RR A BB AR ERRERERRERSR L ERR PR BBERRN RN
* SAMPLES « UOLUME « CONCENTRATION « CON+UOL + DRY WEIGHTs Mg METAL/Kg =
* NUMBERS + (in ml) = (in mg/l) + (ug) *+ SAMP.(mg) * DRY WEIGHT =«
REERRRBRERERERBERRR PRI R AR BB R BRI RERA R AR IR B ERR ISR RAFERRERRRAERERABRRENRE RIS
* V0L1. BLANC . 50 * 0.017 . 0.85 « 61.90 . 14 .
R BB RBEPREBARRREF SRR BRI RRARF AR B R AR EBERB AR TR A ERAFEREBRERARS SR LA SRR ERRA GRS
*  UQ2. BLANC * 50 * 0.018 . 0.90 « 67.60 * 13 *
I IR TR I I R N N Ry R R R R R R R R R R R AR
+ U03. BLANC . S0 * 0.021 * 1.05 « 7.90 . 11 .
XY 2R s R R TR N R R R R R ]
*+ V04, BLANC * 50 * 0.017 * @.85 » 67.12 . 13 .
REREREFER BRI R R AR B SR ERER A ERERRRBNETREREAFRSERBEERRE R AR RSP SRE G F R IR TR B ERE RO RS
+ VU@5. BLANC * 50 * 0.017 * 0.85 + 54.10 * 16 .
IR T R R R R R R R R R R
+ UQL.Cu 10 * 50 * 0.033 * 1.65 + 58.50 . 28 .
I R R R P R R R R R R R R R P R R R R R R R R S R R R R E R S R R R R R R E R R R RN
+ VU02.Cu 10 * 50 * 2.036 . 1.80 » 65.80 . 27 .
s R E T R R Ry Ry N Y R R Y RS
# V@3.Cu 10 * se * 0.029% * 1.45 « S2.80 * 27 4
R R Ry R s R R R R R
# V04.Cu 10 * 50 * 0.02% * 1.45 » 57.2 . 25 .
I X T R Yy R R Y
+ VUes.Cu 10 * 50 * 0.031 * 1.55 +« 51.50 * 30 *
R BB R SRR R R R R AR R R R R B R AR R R AR R R R KRR RN IR AR RS RS AT AP R RN TR RIS R AP R ERIOREE
+ UQl.Cu 30 * 50 * 0.058 * 2.90 « 74.10 . 39 .
L R Ry Y RN R R
# Upgz.Cu 30 * 50 * 0.065 * 3.25 » 91.70 . 25 .
I EEE R R R R R X R E SRR R S R R RN S S R R R R R R S R A A R R R R R A R R R A R R R R R R R R R R R R A R R R R RN
* VB3.Cu 30 * 50 * 0.052 * 2.60 + 7..30 . 36 >
L R R Y R RN
* UQ4.Cu 30 * 50 * 9.051 * 2.55 « 65.50 * zZa .
I Z AR SRR RS R RS R EE R R S R RS R R R R R R SR R A R R R R R A R A AR R E R R R AR R R R A S AN R R R R R A R R R R N E R RN
*+ U@B5.Cu 30 * 50 . 2.038 * 1.89¢ = 48.60 . 38 .
LR R R R R R R R R RS2 AR SRR RS S AR S R R R S R R R AR AR S R S R A AR R R R R R A A R AR AR AR R R AR R E R E R R R R
# UQ1.Cu 90 * 50 * 0.227 * 1.35 « 44,20 . el .
I E R R Ry R Ry R RN
+ V@2.Cu 90 » 50 * 0.05! * 2.55 « 84.00 . 30 .
I EEEEEE RS R AN ERRE RS A SRR R RS AR SRR R AR R R AR A R R RS RS el R A R R R AR AR RN RN
# VB3.Cu 90 +» 7 50 * 0.0855 . 2.75 » 654.50 * 43 *
I EA R RS SRR R R RS RS Ra R AR R R A R R R R R R R R R R R AR AR S 2SR R R R A R R A R AR A RN R RN SRR REEEEN]
+ UR!.Cu 810 * 50 * 0.038 * 1.95 « 37.50 . 52 .
(2 XS R R R RS R 2 2 XA X R 2 X R R X R R 2 X R R R R R R A AR A 2R R A R X S R A R 2 R E R A R R AR A R RS R R

+ VUQ2.Cu Bl10@ * 50 * 0.035 * 1.80 » 38.70 . 59 .

L R R R X R E R R RS R S R R R A R R 2 R R R S R R R R R R R R R R R R R R R R R R AR KR N




