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Plate 1. The greenhouse for cattail growth with boxes 
 





- 31 - 
 
 
 
Page 31 and 32 are the same. There is an error in the page numbering. 
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Plate 2: Floating cattail rafts with cattail transplants. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The best conditions for growth after transplanting were provided by the rafts located in the 

circumneutral Oriental East Gloryhole, where rafts were amended with fertilizer and bone 

meal. Neither the rafts amended were fertilizer or bone meal alone provided conditions for 

the excellent plant development observed when the amendments were combined. Meanwhile, 

very poor growth of seedlings was observed on the unamended raft. When bone meal or 

fertilizer was applied alone, the growth was better than in the control. 

 

In Schematic 2, the results of root development on the cattail are depicted, based on a 

subsample of plants collected at t he end of the growing season from each raft. It is evident 
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that the treatment of slow release fertilizer and bone meal produced the best root 

development in the first growing season in the cattail populations originating from seeds.  

In Plates 3 and 4, the root development in the cattail seedlings from all rafts are depicted, 

illustrating the results given in Schematic 2.  In 1991, after over-wintering, the design of 

the floats and the ability of the plants to withstand the freezing in the gloryhole can be 

evaluated. 

 
 
 
 
 
 
Plate 3: Root development of cattail seedlings:  Overview 
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Plate 4:   Root development of cattail seedlings detail 
 

 
 
 
 
 
 
SECTION 3:       THE POLISHING PONDS IN THE FIRST MEADOW 
 
In June 1989, 6 ponds were constructed in the First Meadow.  A portion of the flow 
through the main creek draining Oriental East gloryhole was diverted to flow through the 
6 ponds in series.  In August and September 1989, cut Alder trees (110 trees/pond) were 
placed in the ponds to serve as precipitation/collection surfaces and as a growth substrate 
for biological polishing agents. 
 
The series of six experimental pools were constructed with an average volume of 40.5 
m3.  A flow of 8.05 m3/h was diverted through the ponds in July 1989.  In November, the 
flow was reduced to a flow of 0.7 m3/h.   
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GEOCHEMICAL SIMULATIONS 
using ANALYSES of SELECTED WATER SAMPLES from BUCHANS 

INTRODUCTION 

The geochemical simulation program PHREEQE was used to evaluate 
selected water analyses representing five points in the Buchans 
operation: Oriental West and East Pits, Lucky Strike Pit, 
Drainage Tunnel, and Sandfield Spring. 

PHREEQE requires as input: pH, Eh ( o r  pe), temperature, and 
concentrations of as many elements (or ions) in the water sample 
as possible. The program will calculate concentrations for all 
aqueous species represented by the element input, and degrees of 
saturation of the water with respect to numerous minerals that 
consist of various combinations of the elements found in the 
analysis. 

PHREEDE can simulate several types of reactions, including ( 1 )  
addition of inorganic reactants to a solution, ( 2 )  mixing of two 
waters, and (3) titrating one solution with another. In each of 
these cases PHREEQE can maintain the reacting solution at 
equilibrium simultaneously with one or more user-specified 
minerals. 

The program calculates the following quantities during each 
reaction simulation: 

1. pH. 
2. pe (electron activity, representing Eh). 
3. The total concentrations of elements. 
4 .  The amounts of minerals (or other phases) transferred 

5. The distribution of aqueous species. 
6 .  The saturation state of the aqueous phase with respect 

into or out of the aqueous phase during a reaction. 

to specified mineral phases. 

Table I lists the elements covered by the currenl version o f  
PHREEQE, with their code numbers; Table I 1  lists a selection of 
the secondary minerals (likely to be found as precipitates from 
various mine waters) that are included in the PHREEQE database. 

ANALYSES USED 

All analyses that include alkalinity and chloride values were 
evaluated for possible use in the simulations. Most of the 
available analyses were judged to be unsuitable, for various 
reasons ( s e e  Appendix A). The following analyses were used in 
sirnulations, as indicated: 
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( a )  Sandfield Spring, no 8 ,  July 1989 
(b) Drainage Tunnel, #944, April 17837 
(c) Lucky Strike Pit, #943, April 1989 
(d) Oriental East Pit, #939, April 1989 
(e) Oriental West Pit, #941, April 1989 
(f) Adjusting pH in (b) in several steps to 9.0, to 

check on changes in saturation index with respect 
to Zn minerals. 

(9) Mixing of (a) with (c) in proportions ranging from 
9:l to 1:9. 

A s  no temperatures or Eh values were measured during collection 
of the above samples, temperature values were assigned on the 
basis of earlier measurements, and pe values were estimated. 

RESULTS 

Output from the single-solution simulations was edited to reduce 
the amount o f  paper and printer time used. The printout for each 
of the five simulations (Appendix E )  shows: 

Sample identification 
Concentrations o f  elements (mg/L) used in the simulation 
Calculated total molalities 
Description of the solution (pH, pe etc.) 
LOG values for ion-activity products (IAP), equilibrium 

constants (KT), and their ratios (IAP/KT), for all 
minerals for which the "saturation index" LOG[IAP/KT] 
turned out to be positive, indicating saturation. 

Ratios between S042- and HS04- were extracted from the "SPECIES" 
output; they are listed in Table 111.  

DISCUSSION OF  RESULTS 

The ratios listed in Table 111 demonstrate that the bisulfate ion 
does not represent a significant portion of the total sulfur in 
any of the samples. 

All samples show saturation (positive LOG[IAP/KT]) to various 
degrees with respect to several aluminum and iron minerals, which 
may be precipitated. 

The sample from the Oriental West Pit shows only low saturation 
indices for a few Fe and A1 minerals, due to its low pH. 

A l l  samples, with the exception of the sample from the Sandfield 
Spring, show minor saturation with respect to barite. unlikely to 
result in noticeable precipitation. 
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Only the samples from the Lucky Strike Pit and the Oriental East 
Pit show minor saturation with respect to zinc carbonate. 

Simulations for the Drainage Tunnel discharge with pH increased 
in steps to 9 . 0  indicated that pH would have to rise to at least 
7.3 before any ZnCO3 (or smithsonite) could be expected to be 
precipitated from this discharge. At a pH o f  about 8.2 
hydrozinkite or zinkite could be formed. 

It should be pointed out here that apparent saturation with 
respect to a particular mineral does not necessarily mean that 
that mineral will be precipitated from the water. Where 
saturation with respect to several iron compounds and aluminum 
compounds is indicated, those with the highest saturation index 
will usually be the first to be precipitated. 

It should also be stressed that the excessively large apparent 
saturation indices f o r  some o f  the iron minerals (e.g., hematite 
and magnetite) are likely the result of the arbitrary choice o f  
pe values. 

The results of the sirnulations of mixing of Lucky Strike Pit 
water with shallow groundwater (represented by the Sandfield 
Spring analysis) showed that the water discharged from the 
Drainage Tunnel can be approximated by a mixture of one volume of 
Lucky Strike Pit water mixed with 9 to 10 volumes o f  shallow 
groundwater, with a minor addition of water with higher 
concentrations of Ba, F,  K, and Ni. This suggests that water from 
the lower levels o f  the Lucky Strike mine, with higher 
concentrations of these and other elements, seeps into the 
tunnel, rather than water from the Lucky Strike open pit. 

It is likely that each of the three pit waters is made up of at 
least three components: 

(a) direct precipitation and surface runoff; 
( b )  shallow groundwater discharge; and 
(c) water that has traveled through mine workings. 

In addition, the low pH o f  the Oriental West Pit water likely 
reflects the addition of water carrying oxidation products from 
sulfides exposed in the walls of this pit. 

The high zinc concentration in the Oriental East Pit water could 
possibly be reduced somewhat if the pH of the water in the 
Oriental W& Pit could be raised by appropriate treatment. 
Reduction of the Zn and Cu concentrations in the current 
discharge from the Drainage Tunnel and the Oriental East Pit 
would require raising the pH in these waters to promote 
precipitation of Zn and Cu minerals. This would presumably be 
accompanied by precipitation of at least part of the remaining Fe 
and A1 contents. 
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FURTHER STUDIES 

Further simulations would have to be be undertaken if it is 
deemed desirable to define the various components that contribute 
to the mixtures represented by the three pit waters. There are at 
least six unknowns that would have to be determined for each of 
those three-component systems, i.e. the chemical compositions of 
the three components, and their proportions in the mixture. 

Component (a) could be sampled and analyzed with little problem. 
Definition of components (b ) and (c) would require careful 
sampling and analysis of water from selected shallow and deep 
boreholes near the three pits. Once the approximate compositions 
are known, approximate mixing ratios may be obtained through a 
detailed simul.ation exercise. 

As the sulfur (sulfate) and bicarbonate concentrations in the 
only "complete" analysis of Drainage Tunnel discharge are open to 
doubt, this source should be sampled and analyzed again. Because 
of the uncertainty about the presence of carbonate species in the 
available samples, new samples should also be collected from the 
other sources at the same points as before. 

It is stressed here again, that the Temperature, pH, and 
Alkalinity of the water should be measured/determined AT THE TIME 
OF SAMPLE COLLECTION. Ideally, Eh (electrode potential) should be 
measured at the same time. 

ICP analysis of filtered/acidified samples should be complemented 
by analysis of filtered/non-acidified samples for: C1, F, and N. 

7 August 1990 

Robert 0. van Everdingen 
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TfWLE' I .  ELEMENTS IN PHREEQE DATABASE 

ELEMENT CODE $! A T . ( M O L )  WEIGHT 

A S  
B 
B a  
B r  
C 
Ca 
Cd 
c1 
cs 
cu 
F 
Fe 
I 
K 
L i  
M g  
Mn 
N 
Na 
N i  
P 
Pb 
R b  
S 
Si 
Sr 
U 
V 
Zn 
MO 
Nd 
Se 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

107 .8680 
26.9815 

141.9431 
61.8331 

137.3400 
79.9040 
60.0094 
40.0800 

112.3994 
35.4530 

132.9050 
63.5460 
18.9984 
55.8470 

126.9044 
39.1020 

4 .9390 
24.3120 
54.9380 
62.0049 
22.9898 
58.7100 
94.9714 

207.1899 
85.4699 
96.0616 
96.1 155 
87.6200 

270.0278 
82 -9390 
65.3699 

159.9376 
144.24 
127 -9661 0 

A g  
A 1  
H3AS04 
H3B03 
Ba 
B r  
CO3 
Ca 
Cd 
c1 
cs 
cu+2 
F 
Fe+2 
I 
K 
L i  
M g  
Mni-2 
No3 
Na 
N i  
PO4 
Pb 
R b  
so4 
H4S i 04 
Sr 
u02+2 
v02+ 1 
Zn 
M O 0 4 - 2  
Nd 
HSe03- 
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TABLE 1 1 .  SELECTED MINERALS FROM PHREEQE ORTABASE 

ALUM I NUM 

Boehm i t e 
Oiaspore 
Gihbs i t e 

Alunite 

Lepidocrocite 
Goet hi te 
Hemat it e 
Magnetite 
Magnesio-ferrite 
Hercyni t e 
Jarosi te 
Natrojarosite 
Siderite 

Zinkite 
Hydroz i n k i t e 
Srni t hsoni te 

Barite 
Gypsum 
Calcite 
Dolomi t e 

O t h e r s  
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TABLE 1 1 1 .  .COMPARISON o f  CONCENTRATIONS of S04= and HS04- 

in BUCHANS - APRIL 1989 SAMPLES 

PH S04= HS04- Ratio 
units molality molal ity % 

Sandfill Spring 7.6 1.23983E-04 1.56657E-10 0.0001% 

Drainage Tunnel** 6.6 1.33089E-03 1 .46773E-08 0.001 1% 

Lucky Strike Pit 6.4 1 .10007E-02 1.43366E-07 0.0013% 

Oriental East Pit 6.2 1 .12648E-02 2.34213E-07 0.0021% 

oriental West Pit 3.5 4 -4631 1E-03 5.45481E-05 1.2222% 

S03=, HS03-, and H2S03 a1 1 < 1 .OE-20 

3cX SO4 adjusted to 149 mg/l by PHREEQE 
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APPENDIX A - COMMENTS ON ANALYSES OF BUCHANS SAMPLES 

Reference : 
ASSAYERS ONTARIO LABORATORIES 
CERTIFICATE OF ANALYSIS No. BOO-82/8787 
Dated: April 13, 1989 

We have two versions of this certificate for sample Nas. 931 to 
937 from Buchans. They show the same values for all entries, 
except for SO4 in analysis #937: 542 mg/l in the first version, 
54 mg/l in the second. Both values produce unacceptably large 
ion-balance errors ( >35% ) ,  the first negative, the second 
positive. In the PHREEQE calculations. SO4 was adjusted to obtain 
ion balance for #937. 

In addition, the first version of the certificate shows 
Alkalinity values (as CaC03 in mg/l), even for the West Pit 
samples that had pH values between 3.3 and 3.5! Inquiry on our 
part prompted the second version, which lists the same values as 
Acidity (as CaC03 in mg/l). In the PHREEQE simulations, the 
values were used as Alkalinity. 

Reference: 
ASSAYERS ONTARIO LABORATORIES 
CERTIFICATES OF ANALYSIS No. BOO-95/9166 and BOO-95/02 
Dated: August 23, 1989 

No pH values or temperatures are available for these Buchans 
samples (#1268 and #1269). Alkalinities were not determined; and 
HC03 was "not detected". C1 concentration given for the West Pit 
water is 10 times as large as any earlier C1 concentrations for 
the West Pit water. For these reasons, the analyses have not been 
used in any PHREEQE simulations. 

The values for Sulfate in Certificate No.BO0-95/02 are exactly 3 
times those given for S(1CP) in Certificate No.800-95/9166. 
raising the suspicion that they were derived by calculation 
rather than by separate analysis' In earlier analyses, 
sulfate values were considerably larger than 3 times the IPC 
sulfur values for the corresponding samples. 

Reference: 
CHEMEX LABS LTD. 

. CERTIFICATES OF ANALYSIS No.AE920243 and A8920244 
Dated: 20 July and 13 July 1989 

Field PH, conductivity and water temperatures are not available 
for these samples. SA4 values (110 and 115 mg/l) for Oriental 
East Pit water are less than one quarter of the S_  values for all 
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earlier and later samples from this pit. The $04 value ( 4 5 0  mg/l) 
for the Oriental West Pit water is about twice as high as the 
values for earlier and later samples. Therefore these analyses 
have not been used in PHREEQE simulat ions. 

Incidentally, this certificate does give alkalinity values for 
two samples from the Oriental East Pit. 

Reference : 
ASSAYERS ONTARIO LABORATORIES 
CERTIFICATE OF ANALYSIS No. BOO-?? 
Sample Date: 11  June 1990 

Conductivity and temperature data are not available for these 
samples. Analyses included only ICP data. Therefore these 
analyses have not been used in PHREEQE simulations. 

Reference: 
ASSAYERS ONTARIO LABORATORIES 
CERTIFICATE OF ANALYSIS No. BOO-?? 
Sample Date: 1 July 1990 

ICP analyses are not available for these samples. Therefore these 
results could not be used in PHREEQE simulations. 

NOTE: 

It is stressed here again, that the Temperature, W, and 

Alkalinity of the water should be measured/determined AT THE TIME 

OF SAMPLE COLLECTION. Ideally, Eh (electrode potential) should be 

measured at the same time. 

ICP analysis of filtered/acidified samples should be complemented 

by analysis of filtered/non-acidified samples for: Cl, F, and N. 

6 
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APPENDIX B 

,SELECTED OUTPUT FROM PHREEQE SIMULATIONS 

1 .  SANDFIELD SPRING 
2. DRAINAGE TUNNEL 
3 .  LUCKY STRIKE PIT 
4 .  ORIENTAL EAST PIT 
5. ORIENTAL WEST PIT 



I. SANDFIELD SPRING 
0010011000 5 0 .ooooo 
ELEMENTS 
C 10 61. 

0 0. 
SOLUTION 1 
SANDFIELD SPRING WATER - Ju ly  1989 (#unknown) 
15 10 2 7.60 7.27 4 .OO 1 .oo 

5 6.0000-02 10 5.3700t01 11  2.000Dt00 13 1.800Ot00 15 8.0000-03 
16 2.000D-02 17 1.0000-05 19 2.0000-01 21 2.0000-01 22 2.4000-02 
24 1.2OODtOO 27 1.200D-02 29 1.2OODtOl 31 6.000D-03 34 2.000D-02 

.500 .600 .700 B O O  .900 
STEPS 

SOLUTION NUMBER 1 SANDFIELD SPRING WATER 

ELEMENT MOLAL I TY LOG MOLALITY 

AL 
TOT ALK 
CA 
CL 
cu 
F 
FE 
K 
MG 
MN 
NA 
PE 
S 
SR 
ZN 

2.2239040-06 
8.801438D-04 
4.9903750-05 
5.0775060-05 
1.2590200-07 
1.0527950-06 
1.7907340-10 
5.1151920-06 
8.2269760-06 

5.2200780-05 
5.7922OOD-08 
1.2492870-04 
6.8482390-08 
3.05973OD-07 

4.368a720-07 

-5.6529 
-3 .OS54 
-4.3019 
-4.2943 
-6.9000 
-5.9777 
-9.7470 
-5 291 1 
-5.0848 
-6.3596 
-4 2823 
-7.2372 
-3.9033 
-7.1644 
-6.5143 

----DESCRIPTION OF SOLUTION---- 

PH = 
PE 

ACTIVITY H2D = 
I O N I C  STRENGTH = 

TEMPERATURE = 
ELECTRICAL BALANCE = 

THOR = 
TOTAL ALKALINITY = 

ITERATIONS = 
TOTAL CARBON = 

7.6000 
7.2739 
1 .oooo 
.0009 
4 .OOOO 
-1.00650-03 
4.55280-03 
8.8014D-04 
9 
9.50580-04 
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PHASE 

BOEHMITE 
OIASPORE 
FEOH )2.7 
GI88SITE 
GOETHITE 
HEMATITE 
MAGHEMIT 
MAGNETIT 
CUPROUSF 
CUPRICFE 
LEPIDOCR 
FE( OH 13s 

1-12 

LOOK MIN IAP ---- __-_ 

LOG I A P  

10.3321 
10.3321 
14.3996 
10.3321 
17.9721 
35.9443 
35.9443 
39.0425 
9.7980 
42.6440 
17.9721 
17.9721 

LOG KT 

10.1423 
8.2379 
10.5454 
10.0362 
14.8896 
24 .a841 
33.5607 
33.7132 
2.2481 
35.1995 
14.9554 
16.2554 

LOG, IAP/KT 

.1899 
2.0943 
3 .E542 
.2959 

3.0826 
11.0602 
2.3835 
5.3293 
7.5500 
7.4446 
3.0168 
1.7167 

2 
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2. 0T.OUT 
0000012000 0 0 . .ooooo 
ELEMENTS 
C 10 61. 

0 0. 
SOLUTION 2 
DRAINAGE TUNNEL WATER - A p r i l  1989 (#944) 
16 10 2 6.60 7.15 6 .OO 1 .oo 

5 5.900Dt01 8 4.0000-02 10 9.500Dt01 11 5.7800t01 13 1.900Ot01 
15 6.0000-01 I6 9.9000t00 17 5.9000t00 19 5.1000t00 21 6.0000t00 
22 4.0000-01 24 2.3000t01 25 3.0000-01 29 1.490Ot02 31 1.OOOD-01 
34 2.8000t01 

SOLUTION NUMBER 2 DRAINAGE TUNNEL WATER 

ELEMENT 

AL 
BA 
TOT ALK 
CA 
CL 
cu 
F 
FE 
K 
MG 
MN 
NA 
N I  
S 
SR 
ZN 

TOTAL MOLALITIES OF ELEMENTS 

MOLALITY 

2.1876880-03 
2.9138180-07 
1.557656D-03 
I .4427780-03 
5.3616700-04 
9.446316D-06 
5.2133590-04 
1.0569430-04 
1.3048800-04 
2.4690510-04 
7.2842790-06 
1.0009030-03 
5.1 122090-06 
1.5518000-03 
1.1418160-06 
4.285284D-04 

LOG MOLALITY 

-2.6600 
-6.5355 
-2.8075 
-2.8408 
-3.2707 
-5.0247 
-3.2829 
-3.9759 
-3 .E844 
-3.6075 
-5.1376 
-2.9996 
-5.2914 
-2 .E092 
-5.9424 
-3.3680 

----DESCRIPTION OF SOLUTION---- 

PH = 
PE = 

ACTIVITY H20 = 
I O N I C  STRENGTH = 

TEMPERATURE = 
ELECTRICAL BALANCE = 

THOR = 
TOTAL ALKALINITY = 

ITERATIONS = 
TOTAL CARBON 

6.6000 
7.1500 

.9998 

.0085 
6 .0000 
8.7091D-04 
2.02620-02 
1.55770-03 

2.66930-03 
16 
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PHASE 

ALOH3( A )  
ALOHS04 
AL4( OH)1 
ALUNITE 
BARITE 
BOEHMITE 
DIASPORE 
FERR lHY0 
FE3( OH)8 
FEOH 12.7 

' GIBBSITE 
GOETH I TE 
HEMATITE 
JAROSITE 
MAGHEMIT 
MAGNETIT 
CUPROUSF 
CUPRICFE 
HERCYNIT 
MAG-FERR 
LEPIDOCR 
FE( OH )3S 

LOOK MIN IAP _ _ _ _  

LOG IAP 

13.2049 
-3.0348 
36.5798 
9 .E069 
-9.7381 
13.2049 
13.2049 
22.3915 
53.4245 
19.4177 
13.2049 
22.3915 
44.7832 
34.6949 
44.7832 
53.4248 
16.2996 
52.4411 
35.0516 
54.1790 
22.3915 
22.3915 

LOG KT 

11.7295 
-3.2300 
22.7000 
-1.5456 

-10.2933 
9.9833 
8.0987 
18.4189 
47.2878 
10.4889 
9.9074 
14.7513 
24.5968 
31.2480 
33.4478 
33.3151 
2.1608 

31.0692 
47.1523 
14.8989 
16.1989 

34 .a679 

LOG IAP/KT 

1.4754 
.1952 

13.8798 
11.3525 
.5552 

3.2216 
5.1062 
3.9726 
6.1367 
8.9288 
3.2974 
7.6403 
20.1864 
3.4470 
11.3354 
20.1097 
14.1388 
17.5732 
3.9823 
7.0267 
7.4927 
6.1926 



3. LUCKY STRIKE P I T  
0000012000 0 0 .ooooo 
ELEMENTS 
C 10 61. 

0 0. 
SOLUTION 2 
LUCKY STRIKE P I T  WATER 128 - A p r i l  1989 (#943) 
16 10 2 6.40 7.27 8.80 1 .oo 

5 6.900Dt01 8 3.000D-02 10 4.450Dt02 11 5.j70Dt02 13 1.510Dt02 
15 1.OOODtOO 16 8.0000-02 17 4.2600t01 19 8.000D-02 21 5.700DtOI 
22 1.500Dt-01 24 2.19ODtO2 25 2.000D-01 29 1.56ODtO3 31 3.3000t00 
34 6.5000t01 

SOLUTION NUMBER 2 LUCKY STRIKE P I T  WATER 

ELEMENT MOLALITY LOG MOLALITY 

AL 2.5655310-03 -2.5908 
BA 2.191384D-07 -6.6593 
TOT ALK 7.316489D-03 -2.1357 
CA 
CL 
cu 
F 
FE 
K 
MG 
MN 
NA 
N I  
S 
SR 
ZN 

1.444250D-02 
4.272856D-03 
1.578723D-05 
4.224421D-06 
7.6525120-04 
2.05251OD-06 
2.352060D-03 
2.7391300-04 
9.5565950-03 
3.417529D-06 
1.62918OD-02 
3.7783740-05 
9.9753870-04 

-1.8404 
-2.3693 
-4.8017 
-5.3742 
-3 . l l 6 2  
-5.6877 
-2 A286 
-3.5624 
-2.0197 
-5.4663 
-1.7880 
-4.4227 
-3.0011 

----DESCRIPTION OF SOLUTION---- 

PH = 6.4000 
PE = 7.2739 

ACTIVITY H20 = .9990 
IONIC STRENGTH .0596 

TEMPERATURE = 8.8000 
ELECTRICAL BALANCE 3.5879D-03 

THOR = 1.5600D-01 
TOTAL ALKALINITY = 7.3165D-03 

TOTAL CARBON = 1.398OD-02 
ITERATIONS = 15 

5 



PHASE 

ALOH3( A )  
ALOHS04 
AL4( OH )1 
ALUNITE 
BARITE 
BOEHMITE 
OIASPORE 
FERRIHYO 
FE3( OH )8 
FEOH )2.7 
GIBBSITE 
GOETHITE 
GYPSUM 
HEMATITE 
JAROSITE 
MAGHEMIT 
MAGNETIT 
S IOERITE 
CUPROUSF 
CUPRICFE 
ZNC03, 1 
HERCYNI T 
MAG-FERR 
LEPIOOCR 
FE( OH )3S 

-. 

1-16 

LOOK MIN IAP ---- _ _ _ _  

LOG IAP 

13.2627 
- I  ,8660 
37.9222 
10.1351 
-9.3441 
13.2632 
13.2632 
22.6559 
54.2943 
19.9960 
13.2627 
22.6564 
-4.6400 
45.3132 
37.7094 
45.3132 
54.2961 

-10.1651 
16.0867 
52.4170 
-9.8821 
35 SO97 
55.0330 
22.6564 
22 .6559 

LOG KT 

11 S192 
-3.2300 
22.7000 
-1.5151 

-10.2445 
9.7647 
7.9073 

18.3411 
47.1323 
10.4111 
9.7302 

14.5609 
-4 .E609 
24.2015 
30 3360 
33.2923 
32.7673 

- 10.3255 
2.0407 

34.4117 
-I 0.2600 
30.4600 
46.4787 
14.8211 
16.1211 

LOG IAP/KT 

1.7436 
1.3640 

15.2222 
11.6502 

.9004 
3.4985 
5.3559 
4.3148 
7.1621 
9.5849 
3 S326 
B .0954 

.2209 
21.1117 
7.1234 

12.0209 
21 S288 

.1604 
14.0460 
18.0053 

.3779 
5.0497 
8 S543 
7 .E352 
6 S348 

6 
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4 .  ORIENTAL EAST P I T  WATER 
0000012000 0 0 .ooooo 
ELEMENTS 
C 10 61. 

0 0. 
SOLUTION 2 
ORIENTAL EAST P I T  WATER E48 - April 1989 (#939) 
17 10 2 6.20 7.15 8.80 1 .oo 

5 6.7000t-01 8 3.0000-02 10 4.0600t02 11 5.4700t02 13 1.210Dt02 
15 3.000D-01 16 8.0000-02 17 5.610Dt01 19 8.0000-01 21 5.7000t01 
22 1.500Ot01 24 1.910Ot02 25 4.0000-01 27 4.000501 29 1.584Ot03 
31 3.0000tOO 34 5.7000t01 

ORIENTAL EAST P I T  WATER SOLUTION NUMBER 2 

TOTAL MOLALITIES OF ELEMENTS 

ELEMENT MOLALITY LOG MOLALITY 

AL 
BA 
TOT ALK 
CA 
CL 
cu 
F 
FE 
K 
MG 
MN 
NA 
N I  
P8 
S 
SR 
ZN 

2.4909200-03 
2.191166D-07 
6.6746040-03 
1.3690230-02 
3.4236030-03 
4.7356990-06 
4.2240010-06 
1.0076600-03 
2.052306D-05 
2.351826D-03 
2.7388580-04 
8,3339180-03 
6.8343780-06 
1.93661 ID-06 
1.6540800-02 
3.4345440-05 
8.746777D-04 

-2.6036 
-6.6593 
-2.1756 
-1 3636 
-2.4655 
-5.3246 
-5 3743  
-2.9967 
-4.6878 
-2.6286 
-3.5624 
-2.0792 
-5.1653 
-5.7130 
-1.7814 
-4 ;4641 
-3.0582 

----DESCRIPTION OF SOLUTION---- 

PH = 
PE = 

ACTIVITY H20 = 
IONIC STRENGTH = 

TEMPERATURE = 
ELECTRICAL BALANCE = 

THOR = 
TOTAL ALKALINITY = 

ITERATIONS = 
TOTAL CARBON = 

6.2000 
7.1500 

.9990 

.0581 
8.8000 
2.61710-03 
1.67391)-01 
6.67460-03 

1.6361D-02 
15 

7 



PHASE 

ALOH3( A ) 
ALOHS04 
AL4( OH )1 
ALUNITE 
BARITE 
BOEHMITE 
DIASPORE 
FERR IHYO 
FE3( OH 18 
FEOH )2.7 
GIBBSITE 
GOETH I TE 
GYPSUM 
HEMATI TE 
JAROSITE 
MAGHEM I T 
MAGNETIT 
S IDER I TE 
CUPROUSF 
CUPRICFE 
ZNC03, 1 
HERCYN IT 
NAG-FERR 
LEPIDOCR 
FE( OH )35 

1-18 

LOOK MIN IAP _ _ _ _  

LOG I A P  

13.1741 
-1.5408 
37.9814 
11.4975 
-9.3271 
13.1745 
13.1745 
22.2065 
53.2699 
19.5780 
13.1741 
22.2069 
-4.6509 
44.4143 
37.1890 
44.4143 
53.2717 

-10.1281 
15.1147 
50.6717 

-10.1742 
35.2068 
53.7332 
22.2069 
22.2065 

LOG KT 

11.5192 
-3.2300 
22.7000 
-1.5151 

-10.2445 
9.7647 
7.9073 

18.3411 
47.1323 

9.7302 
14,5609 
-4.8609 
24.2015 
30.5860 
33.2923 
32.7673 

- 10.3255 
2.0407 

34.4117 
-10.2600 
30.4600 
46.4787 
14 .E21 1 
16.1211 

10.41i i  

LOG IAP/KT 

1 A549 
1 .6892 

15.2814 
13.0126 

.9174 
3.4098 
5.2672 
3 .E654 
6.1377 
9.1669 
3.4439 
7 A460 

2101  
20.2128 
6 A030 

11.1220 
20.5044 

.1975 
13.0741 
16.7600 
.0858 

4.1468 
7.2544 
7.3858 
6.0854 
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5. ORIENTAL WEST P I T  
0000012000 0 0 .ooooo 
ELEMENTS 
C 10 61. 

0 0. 
SOLUTION 2 
ORIENTAL WEST P I T  WATER W8B - Apri l  1989 (U9411 
17 10 2 3.50 7.15 8.80 1 .oo 

5 6.200Dt01 8 6.000D-02 10 2.700Dt02 11 1.590Dt02 13 8.000Dt00 
15 2.200Dt00 16 3.7000t00 17 9.100Dt00 19 1.800Dt01 21 1.600Dt01 
22 4.2000tOO 24 4.300Dt01 25 4.000D-01 27 2.9006tOO 29 6.390Dt02 
31 5.000D-01 34 7.600Dt01 

ORIENTAL WEST P I T  WATER SOLUTION NUMBER 2 
I 

ELEMENT MDLAL I TY LOG MDLALITY 

AL 
BA 
TOT ALK 
CA 
CL 
cu 
F 
FE 
K 
MG 
MN 
NA 
N I  
PE 
S 
SR 
ZN 

2.300894D-03 
4.374468D-07 
4.430811D-03 
3.972285D-03 
2.2594780-04 
3.4666140-05 
1.950095D-04 
I .631596D-04 
4.609402D-04 
6.589771D-04 
7.655041D-05 
1.8728560-03 
6 .a221 14D-06 
1.401524D-05 
6.6607341)-03 
5.7139680-06 
1.164144D-03 

-2.6381 
-6.3591 
-2.3535 
-2.4010 
-3.6460 
-4.4601 
-3.7099 
-3.7874 
-3.3364 
-3.181 1 
-4.1161 
-2.7%75 
-5 .I661 
-4 .a534 
-2.1765 
-!i ,2431 
-2.9340 

----DESCRIPTION OF SOLUTION---- 

PH = 
PE = 

ACTIVITY H20 = 
IONIC STRENGTH = 

TEMPERATURE = 
ELECTRICAL BALANCE = 

THOR = 
TOTAL ALKALINITY = 

ITERATIONS = 
TOTAL CARBON = 

3.5000 
7.1500 

.9405 

.0289 
8.8000 
3.67510-03 
1.3969Dt.01 
4.43080-03 

3.4820Dt00 
23 

9 



PHASE 

ALOHS04 
ALUNITE 
BARITE 
FEOH 12.7 
HEMAT I TE 
CUPROUSF 
C02( GAS) 

1- 20 

LOOK MIN IAP ---- _ _ _ _  

LOG IAP 

-2.6679 
1.6312 

-9.2.596 
11.2878 
26.9706 

4.7984 
-16.4070 

LOG KT 

-3.2300 
-1 S151 

-10 2445 
10.4111 
24.2015 

2.0407 
-18,1823 

LOG IAP/Kl 

3621  
3.1463 

.9848 

.I1167 
2.7691 
2.7578 
1.7754 
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Phenotypic Plasticity 
to Enhance Plant Survival 
In Alkaline Waste Water 

M. P. Smith, The Viridis Group Inc., Toronto, Ontario 

ABSTRACT 

Biological polishing of alkaline waste water in the mining industry 
in being tested, utilizing populations of a group of attached 
algae, the Characeae. The underwater meadows of these algae 
perform as self-renewing filters. For successful introduction to 
the waste water, hardy plant material could assist in establishing 
populations in the waste water ponds, where the Chara Process is 
to be utilized. The phenotypically plastic characteristics of this 
algal group are used to produce plant material conditioned for 
establishment of populations in the waste water pond. 

Characean species' capacity to morphologically/physiologically 
alter in response to waste waters is tested in laboratory by a 
steppedtransition from fresh to waste water chemistry and compared 
to material directly transferred from fresh to waste water. The 
results suggest a distinct developmental response between the two 
species examined to waste water solutions. 
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INTRODUCTION 

A biological polishing process for mining-related alkaline waste 
water, utilizing populations of a group of submerged macrophytic 
algae, the Characeae, is under development. The results of our 
field investigations and a pilot demonstration have, to date, 
indicated that the Characean populations' structure, growth rates 
and contaminant uptake rates can serve as long term, self 
sustaining treatment systems for alkaline waste water (Smith & 
Kalin, 1989). 

Implementation of the Chara Process in a waste water pond requires 
that the transplanted Characean biomass survives and grows. Waste 
waters from mining activities are commonly high in the major ions' 
concentrations (such as sodium, calcium, magnesium, chloride and 
sulphate), which results in high specific conductance (measured in 
umhos/cm), relative to those of freshwater ecosystems. 

Transplanting of biomass to waste water solutions has, in some 
waste water solutions, resulted in cell death due, in part, to 
plasmolysis (low to high conductance) or cell rupture (high to low 
conductance), upon this instantaneous change in solution 
conductance surrounding the cells (Kalin & Smith, 1985). However, 
Hoffman and Bisson (1986) have shown that biomass can be 
physiologically conditioned, due to the phenotypic plasticity of 
the algae. 

Conditioning techniques employ these plants' phenotypic plasticity, 
or the ability of an individual organism to alter its 
physiology/morphology in response to non-lethal changes in 
environmental conditions, such as solution-specific conductance. 
This inherent ability is particularly important in plants, whose 
sessile life style requires them to deal with ambient conditions 
(West-Eberhard, 1989), and is especially important to aquatic 
macrophytes, obligately immersed in the ambient aquatic environment 
(Schlichting, 1986). 

Introducing plant material gradually to waste water might be a 
route by which living biomass can be cultured with altered 
morphological and/or physiological tolerances. This would 
facilitate a broader application range of the Chara Process for 
waste water treatment. 

This paper reports on investigations with two species of Chara to 
produce biomass which is conditioned for waste water. 

METHODS AND MATERIALS 

Water Characteristics and Hardening Solutions 

The characteristics of the wa&e water are compared to those of the 
natural waters for C. vulqaris and C. buckellii in Table 1. High 
concentrations of all major cations-and anions in the waste water 
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TABLE 1: Major constituents and metals of importance in test solutions 
(Sea water composition included for comparison) 

Zn/Cu MINE: 
TAP ABANDONED A R T I F I C I A L  

CONSTITUENT WATER OPEN P I T  WALDSEA L A K E  
(mg/l) (TORONTO) WATER WATER 

Sodium 19 19 1 3 ,070  
Magnesium 9 5 7  2 ,670  
Calcium 4 3  5 4 7  320  
PO tass ium 6 0 . 8  3 10 
Manganese <0.01 15 N.A. 

Sulphate 3 6  5 9 7  11,600 
Chloride 2 7  1 2 1  4,400 
Bi/Carbonate 1 0 3  4 0 6  480  
Phosphate <0.01 0.2 N.A. 

Zinc <0.01 57 N.A. 
Copper <0.01 0.30 N.A. 
Aluminum 0.20 67 N.A. 
Iron <o. 0 1  56 N.A. 

PH 8.20 6 .20  8.30 

................................................ 

Conductivity(umhos) 3 5 0  2,300 20,000 

S E A  
WATER 
. . . . . . .  

1 0 , 5 6 1  
1 , 2 7 2  

4 0 0  
380  

0 . 0 1  

2 , 6 5 2  
18,980 

2 8  
<0.1 

0. 0.1 
0.09 

1.9 
<0.01 

8 - 9  
4 8 , 0 0 0  

.......................................................... 
N.A. Not Added to Artifical Solution 

from the open pit is evident, when compared to Toronto tap water 
(Table 1). This tap water has the same range of conductivity as 
surface water supporting Chara vulgaris, and it lends itself well 
to laboratory culture of this species, relative to specific 
solutions normally used for  algal cultures. 

Chara buckellii, which grows in saline lakes in Saskatchewan 
(Canada), thrives in waters with very high concentrations of major 
cation and anions. A high-salinity culture solution has been 
developed, referred to artificial Waldsea Lake Water. The 
conductivity of this solution (20,000 umhos/cm) is higher than both 
the waste water from the open pit and tap water solutions, but is 
lower than sea water (Table 1). 

Open pit solution ( O P S )  was collected on February 12, 1990 and 
shipped to the laboratory, where it was stored at room temperature. 
Tap water was the base for solutions added to treatments testing 
Chara vulgaris (Table 2a). Four solutions were made up from tap 
water and OPS; 3:O (3 parts T-H20 to 0 parts O P S ) ,  2:1, 1:2 and 
0:3 (full strength O P S ) .  



2- 4 .  * 'PABLE 2a: Concentrations of major constituents and metals 
of importance, and measured pH and conductivities, 
of Chara vulgaris growth test solutions. 

3 : O  2 : 1  1 : 2  0:3 
CONSTITUENT TAP (calculated OPEN PIT 
(mg/l) WATER [ ] estimates) S 0 LUT I ON ............................................................... 

Sodium 19 76 1 3 4  191 
Magnesium 9 25 41 57 
Calcium 4 3  211 379 547 

Potassium 6 4 . 3  2 .5  0 .8  
Manganese 0 .01  * 5 10 1 5  
Sulphate 36 223 410 597 
Chloride 27 58 90 1 2 1  

Bi/Carbonate 103 204 305 406 
Zinc 0 . 0 1  * 19 38 57 

Copper 0 . 0 1  * 0.1 0.2 0.30 
Aluminum 0.20 22 45 67 

Iron 0 . 0 1  * 19 37 5 6  
pH: Avg 7.76 7 . 3 1  7.28 7.38 

Max 8.21 7.68 7.66 7 .72 
Min 7.27 6 . 9 1  6.93 6 .99 

Conductivity:Avg 489 1,226 1,707 2 ,231  
(umhos/cm) Max 720 1,380 1,980 2,410 

Min 350 1,050 1,520 2,100 ............................................................... 
TABLE 2b: Concentrations of major constituents and metals 

of importance, and measured pH and conductivities, 
of Chara buckellii growth test solutions. 

3:O 2 : 1  1:2 0:3 
ARTIFICIAL 

CONSTITUENT WALDSEA LAKE (calculated OPEN PIT 
( m g / l )  WATER [ ] estimates) SOLUTION ............................................................... 

Sodium 3,070 2,110 1 ,151  19  1 
Magnesium 2,670 1,799 928 57  
Calcium 320 396 4 7 1  547  

Potassium 3 1 0  207 104 0.8 
Sulphate 11,600 7,932 4,265 597 
Chloride 4,400 2 , 974 1,547 1 2  1 

zinc 0 .01  * 19  38 57  
Copper 0 .01  * 0 .1  0.2 0.30 

Aluminum 0 .01  * 22 45 67 
Iron 0 .01  * 19  37 5 6  

pH: Avg 8.25 8.24 8.06 7.73 
Max 8.37 8 .41  8.33 8.17 
Min 8.03 8.03 7.86 7.55 

Conductivity:Avg 18,900 13,706 9,216 2,333 
(umhos/cm) Max 21,000 14,800 10,400 2,750 

Min 17,050 1 2  , 800 8,500 2,150 ............................................................... 
* Concentration set at.-detection limit 
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Artificial Waldsea Water (AWW) was the base for solutions added to 
treatments testing Chara buckellii (Table 2b). F o u r  solutions were 
made up from AWW and OPS;  3 : O  ( 3  parts AWW to 0 parts OPS), 2:1, 
1:2 and 0:3 (full strength O P S ) .  Upon evaporation, water levels 
in the jars were compensated with distilled water daily. 

Plant Material 

Chara vulgaris: Plant material was collected on February 16, 1990 
from a natural population near Ballantsae, Ontario. New shoot 
production by the biomass was promoted in the laboratory by 
culturing the biomass under fluorescent lighting in aquaria 
containing a layer of sediment from the biomass source site 
overlain with silica sand and filled with tap water. 

Chara buckellii: Plant material was collected during September 1988 
from a natural population in Waldsea Lake, Saskatchewan. New shoot 
production has been repeatedly promoted in the laboratory through 
four cycles. Biomass was cultured under fluorescent lighting in 
aquaria containing a layer of sediment from the C. vulgaris source 
site, overlain with silica sand and filled with artificial Waldsea 
Lake solution. On February 20, 1990, the final culture was set-up 
to produce shoots specifically for this experiment. 

On March 2, 1990, plant biomass of both species was removed from 
the aquaria and new shoots 5 to 10 cm long but consistently 
comprised of 3 to 4 whorls were cut from the biomass. Five shoots 
were set aside for set-up of each treatment. 

Experimental Methods 

Growth trials are performed at room temperature (21 to 24O C) 
beneath cool white fluorescent light banks. All treatments were 
set up in new 2 litre wide-mouth glass jars. Each treatment was 
underlain by 4 cm of screened, homogenized sediment, overlain with 
a 1 cm thick layer of sand. After substrate addition, 1.8 1 of the 
experimental solution were dispensed parallel to the substrate 
layer so as to keep turbidity minimal. 

Using forceps-tipped tongs, 5 shoots were implanted vertically 
into the substrate to as to just bury the basal node. All 
precautions were taken so as to not damage or kill internodal cells 
comprising the shoots' axes. 

Chara buckellii and C. vulgaris shoots were planted on the same 
day. However, due topoor  C. vulgaris shoot condition, even in the 
controls, this species was replanted 15 days later. Therefore, 
results are expressed after 23 days for - C. buckellii, but only 8 
days for - C. vulgaris. 

Vegetative Growth Responses 

Many features of vegetative 'habit and development pattern are 
consistent across all species of the Characeae (Figure 1). 
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Figure 1: General morphological structure and meristematic regions 
of Chara species. 

Fundamentally, the plants are comprised of a series of nodes, each 
separated by a elongated, giant internodal cell. Each node is, in 
part, comprised of meristematic (or growing region) cell complexes 
capable of generating both new shoots (nodes and internodes) and 
rhizoids, fine root-like cells for plant anchorage (see Figure 1, 
basal node). 

Under ideal growing conditions, the apical node is the primary 
region of shoot growth, through hormonal repression of lower nodes 
(Figure l), but, with either distancing of the apical from lower 
nodes, or apical node damage, inhibition of lateral shoot 
development from lower nodes is released (e.g., the basal, and 
first through fourth nodes: Figure 1). 

In summary, new shoots grown in, and adapted to solution 
characteristics, may develop from any node of the original shoot. 
Two additional modes of new shoot production, originating from 
first, rhizoidal sigmoid nodes, and second, from oospores formed 
during sexual reproduction, ‘are possible under more specific 
environmental conditions. 
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The pH, conductivity and temperature of the solutions were recorded 
weekly. Shoot axes' and branchlets' cell survival, the development 
of new whorls from the apical and lateral meristems, and overall 
plant colour and condition were recorded weekly. 

RESULTS AND DISCUSSION 

In Figure 2, the sum of the number of whorls generated 18 plants 
per treatment (3, 5, 5 and 5 plants in four replicate jars) are 
summarized for day 8 (C. vulgaris; Figure 2a) and day 23 (C. 
buckellii; Figure 2b), according to the specific node from which 
new whorls originated. In addition, these figures express the 
number of new whorls generated by a particular growth loci as 
percentages of the total number of whorls generated within the 
treatment. 

Overall, under these laboratory conditions, survival of, and new 
whorl production by, at least some portions of both Chara vulgaris 
and C. buckellii plants were observed in all treatments, including 
the 5:3 (full strength OPS) treatments. 

Under (otherwise) ideal conditions in the laboratory, new whorl 
production of Chara vulgaris plants was more than halved by day 8 
in the 1:2 and 0:3 treatments, to less than 35 whorls (or less than 
two new whorls per plant), compared to the control (3:O). 

The proportions of the number of new whorls generated by C. 
vulgaris, from the six possible growth loci, were similar betwegn 
treatments with increasing conductivity, the apical node remaining 
largely responsible for new whorl generation. Even in the 1:2 and 
0:3 treatments, the apical node remained largely responsible for 
new whorl production. 

These results suggest that a conductivity increase, during a single 
culture solution transfer, of more that 1.5 times (2:l treatment: 
Figure 2a), but less than 2.5 times (1:2, 0:3 treatments), is at 
a limit where individuals of this species can effectively adjust 
to the change in conductivity. 

Similar whorl production by C. buckellii were observed in the 3:0, 
2:l and 1:2 treatments, brt in the 0:3 treatment, production 
abruptly diminished to less than a tenth of the control (3:O) as 
of day 23. C. buckellii shoot production was unaffected by a 0.5 
times decrease in conductivity (1:2 treatment: Figure 2b), while 
further reduction of conductivity to 0.9 times (relative to the 
control) appears beyond the plants' ability to adjust to 
instantaneous conductivity changes. 

In contrast to C. vulgaris, although the apical node of C. 
buckellii was themajor locus responsible for new whorl productign 
in the 3:O treatment (30% of, all new whorls), with increasing 
conductivity across the trea&ments, basal nodes of C. buckellii 
located below the treatments' substrate surface becaKe the major 
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New Whorl Growth by W l a w l p a r i a  

8 Days in Culture 
220 

- 
L 

0 120 s 
z 
0 8 0  

B M )  

32% of talal# of new whorls grown 2 100 

5 

c .. 
0 

32% 

40 

20 

0 
W O P S  30 2:1 1:2 0:3 

ea rm m m m rn 
Basal First Second Thlrd Fourth Aplcal 
Node Node 

ea 63 m m m rn 
&Sal Firs1 Second Thlrd Fourth Aplcal 
Node Node 

Figure 2 :  New whorl growth by,Chara vulgaris after 8 days (Figure 
2a) and Chara buckellii after 23 days (Figure 2b) in culture 
solutions with increasing proportions of open pit solution. 
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locus of new whorl production, relative to other growth loci (73% 
of the new whorls in 0:3 treatment; Figure 2 b ) .  

CONCLUSIONS 

These growth responses indicate that both species tested can, due 
to their phenotypic plasticity, potentially be hardened to produce 
populations which survive transplant to waste water conditions. 
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Floating Typha Mat Populations 

Integral to the ARUM Process 
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' 
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ABSTRACT 

Floating Typha populations are being examined as potential long-term sources of organic 
carbon, required for microbial alkalinity generation in the ARUM (Acid Reduction Using 
Microbiology) process. Establishment of the Typha populations from seed currently appears 
the most effective means of establishing floating Dpha mat populations. Several practical 
techniques for germinating Typha seeds, promoting Qphn seedling development, and 
transplanting juvenile or mature plants to floating rafts, were tested during this work. 
Maintenance of constant substrate moisture, selection of substrates with circumneutral pH's, 
and provision of nutrients both during seedling establishment and transplant have been 
identified as key measures. 

1.0 ~NTRODUCTION 

The extremely high productivities of cattail, or Z j p h  populations (Wetzel, 1983), their 
exceptional capacity to colonize harsh environments (Kalin, 1984; and others), and their 
rapid spreading capacity (Dykyjova & Kvet, 1978), make populations of this species a 
practical, natural organic carbon source integral to the functioning of the Acid Reduction 
Using MicrobioZogy (ARUM) Process. This process is an engineered, self-maintaining 
biological treatment system for acid mine drainage, under development by Boojum Research 
Limited. 

An effective, economical means of establishing floating or rooted cattail stands over large 
areas can probably be achieved only by techniques using Typha seeds, through: 

1) maximizing the rate of colonization by Typha. 
2) reducing transplant-related labour costs, and 
3) facilitating construction of floating populations. 
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Most V p h a  species populations’ distributions are limited to areas with water depths less than 
2 meters, as these populations are anchored to the sediment via their root-rhizome systems. 
A significant portion of the plant’s photosynthetic shoot must emerge above the water for 
efficient gas exchange. This commonly restricts these populations to shallow areas, or the 
perimeters of deeper ponds and lakes (Dickerman & Wetzel, 1985). 

However, there are examples of Zjpha populations where large areas of bottom-bound mats 
of l)pha rhizomes and roots have broken free, and their overall low density have forced the 
populations to float perennially above open water (Hogg & Wein, 1987; Mallik, 1989). 
These natural, perennially floating mat populations are strong evidence that Zjpha 
populations can in fact survive and proliferate without direct contact with bottom sediment. 

Recent, detailed studies of these Vpha mat populations indicate that the major plant 
components contributing to mat formation and maintenance are the Vpha rhizome and 
roots. Thus, these mats are maintained primarily by the plant components within the mat, 
rather than through deposition of leaf biomass from above (Hogg & Wein, 1987). Although 
not addressed by workers to date, it could be surmised that any contribution by the floating 
vpha  mats to the underlying sediment floor would primarily originate from the sloughing 
of organic matter from the bottom and sides of the mats. 

Within the context of the development and implementation of the ARUM process, 
integration and utilization of floating Zjpha mats as the fixed carbon source, contributing to 
the nutrition of key microbial populations, offers significant advantages over integration of 
the common growth configuration, bottom-bound emergent macrophyte populations. These 
advantages include: 

a) Supply of particulate organic matter from above the water column and sediment, where 
key microbial processes are under way. 

b) Open water flow between the system floor and the vpha  population, maximking 
retention time of water within the ARUM system. 

c) Prevention of short-circuiting of water, as the vpha population configuration is suspended 
above, and out of the way of, the flow path. 

d) With sediment accumulation on the system floor, water levels can be periodically raised 
as the system matures, maintaining optimal water depths beneath the floating vpha mat in 
the long term. 

e) The percent area covered by, and the configuration of, floating vpha  mats should provide 
significant control over the rate, and location of, oxygen diffusion into the microbially active 
zones of the ARUM System. 



3 - 3  

It appears that several criteria must inherently be met in order to sustain the configuration 
of these floating Qpha mats populations: 

a) A combination of nutrient acquisition from the surrounding water, and nutrient recycling 
within the floating mats, must be meeting the complete nutrient requirements of the floating 
v p h a  mat population, in order that v p h a  population continues as the dominant species. 

b) During growth of new plant biomass, morphological buoyancy features, such as 
aerenchyma and gas-filled hollows within rhizomes and roots, must continue to develop, 
contributing to the floating mat’s positive buoyancy. 

c) Gas (H,S, CO, N, CH,) generated by microbial activity below and within the floating 
mat may have to be effective trapped within the floating mat, thereby contributing to its 
overall positive buoyancy. 

d) Structurally, the Ppha roots and rhizome matrix must maintain consolidation of organic 
matter within the floating mat, in order that the emergent shoots of Typha remain erect over 
the growing season, and the mats remain intact perennially, despite wind and wave erosion 
of the floating vpha  mats at their perimeters. 

e) The overall growth rates of low-density roots and rhizomes must at least counterbalance 
the accumulation of higher density organic matter within the mat, generated by the products 
of shoots, root and rhizome decay. 

2.0 OBJECTIVES: 

The objectives of this research are: 

1) Examination of the conditions requ-5.d for v p h a  seed germination un-,r controlled 
laboratory conditions. 

2) Examination of the conditions for Qpha seed germination and seedling establishment on 
floating seed beds under greenhouse conditions. 

3) Examination of the effectiveness of various treatments applied to floating vpha mat 
structures, supporting the development of seedlings and mature transplants towards 
establishment, growth and successful ovenvintering. 
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3.0 MATERIALS AND METHODS: 

3.1 Seed Germination and Seedling Establishment in the Laboratory 

Detailed Obiective: The objective of this experiment is to examine the germination of Qpha 
seeds, and the growth of Zj@a seedlings in the laboratory, with variation in water depth, 
relative humidity, nutrient supply and fungicide addition. 

The experiment was designed in order that the specific conditions of germination and 
seedling establishment could be applied in greenhouse conditions, increasing the likelihood 
of creating a large supply of seedlings for transplant to the field. 

The Experimental Design 

The experimental design employed was as follows: 

. 

2 X 2 X 3 X 3 
High/Low Added/Not Added None/Jkw/High Gradient/Moist/Float 
% R.H. FUNGICIDE FERTILIZER WATER DEPTH 

The experiment was initiated February 28, 1990 when, in each treatment, six replicates of 
approximately 100 seeds were planted. Water levels were adjusted every second day with 
tap water to compensate for water losses due to evaporation. A total of 36 treatments were 
set up, each treatment varying by one of the following variables (see Tables 1 and 2 for lay- 
out). 

Relative Humidity: Half of the treatments were performed in a growth chamber where 
moist air was injected periodically over each light period. The other half of the treatments 
did not have moist air injection. However, over the course of the experiment, 
evapotranspiration, indicated by water loss from trays, was higher in the ‘High Humidity’ 
treatments than the ‘Low Humidity’ treatments, and the results were interpreted according 
to these observations. 

Fungicide: A 5 ml dose of the product “No-Damp’‘ (Plant Products Co. Ltd., Bramalea, 
Ontario, 2.5% Benzoxine) was applied, prior to seed planting, to half of the ,treatments’ 
water supply, each 3.3 litre in volume (“F+”). No fungicide was applied to the remaining 
half of the treatments (“R-”). 

Fertilizer: A 5 cm3 dose of the product ‘‘Flowering Plant fertilizer“ (Plant Products Co. Ltd., 
Bramalea, Ontario, 15-30-15 N-P-K) ap lied to one-third of the treatments constituted the 
low fertilizer treatment (‘“+‘I). A 10 cm dose of the fertilizer to one-third of the treatments 
constituted the high fertilizer treatment (“N+ +”). 

f 

t 



TABLE 1: NUMBER O F  SEEDLINGS AFTER 16 DAYS 

NO FERT X 68 44 18 45 39 
46 41 16 40 43 
6 6 6 6 6 

406 262 107 271 235 
8.”. 
SUM 

31 69 59 
35 44 45 
6 6 6 

361 22 185 4 14 351 
2 LOW FERT X 60 

43 
6 6 5.”. 

SUM 

HIGH FERT X 12 12 21 62 68 
41 45 
6 6 

SUM 73 74 125 370 408 
5 
6 

S.D.  
N 12 2 

NO FERT X 43 13 
18 17 
6 6 

260 ’ 80 
LOW FERT X 63 6 

6 6 
SUM 375 34 

5.”. 
;.D. 28 7 

SUM 

HIGH FERT X 20 34 
6 6 

SUM 120 2 0.3 

;.D. 16 37 

100 62 20 
0 40 10 
6 6 6 

600 372 12 0 
14 60 72 
20 31 40 
6 6 6 

81 360 430 
37 55 
34 35 
6 6 

112 220 330 
12 
6 

100 19 13 . 68 
0 10 5 45 
5 6 6 6 

500 113 80 410 
40 20 9 55 
43 19 18 45 
6 6 6 6 

240 117 56 330 

35 
46 
6 

207 

14 1 1 28 42 
31 
6 

252 
10 ’ 1 1 
6 6 6 

82 3 5 165 
12 

-_______-_____----______________________-- I BEACH WATER BELOW SUSPENDED FLOATING 
LEVEL WATER 

27 48 28 42 29 
13 
6 

175 
34 27 16 
6 6 6 

.6 0 32 1 38 45 
43 35 0 19 11 
6 6 6 6 6 

357. 191 4 225 270 
25 6 0 38 24 
14 7 0 30 20 
6 6 6 6 6 

152 38 0 230 146 

161 290 170 250 



TABLE 2: NUMBER O F  SEEDLINGS AFTER 46 DAYS 

BEACH WATER BELOW SUSPENDED FLOATING 
LEVEL WATER. 

.NO FERT X 27 5 6 47 34 
41 33 
6 6 

159 30 279 203 36 
2 2 24 

6 8.”- 
SUM 

LOW FERT X 25 
14, S.D.  

N 
SUM 149’ 

2 14 
4 17 
6 6 

14 85 
HIGH FERT X 4 ‘ 5  3 

3 
6 

18 
76 

28 
2 

25 
8.”. 
SUM 

34 27 
29 23 
6 6 

202 161 
6 33 
6 24 
6 6 

37 198 

FUNGICIDE .......................................... 
BEACH WATER BELOW SUSPENDED FLOATING 

LEVEL WATER 
47 15 20 54 41 
36 13 0 38 36 
6 6 6 6 6 

279 91 120 325 243 
26 11 24 25 8 
22 15 35 19 6 
6 6 6 6 6 

153 64 14 6 151 46 
44 19 
31 16 
6 6 

56 59 7: 261 114 
1z 10 

76 2 
6 

NO FERT X 39 11 20 26 20 8.”. 15 10 0 13 13 
6 6 6 6 6 

SUM 235 66 12 0 156 118 
LOW FERT X 28 2 0 47 53 

8 . D .  4 4 0 20 29 
6 6 6 6 6 

SUM 168 13 0 284 320 
HIGH FERT X 16 1 2  13 25 36 

9 12 9 15 31 
6 6 6 6 6 

94 74 75 151 218 
8.”. 
SUM 

W 
I 

m 

26 14 19 24 34 
35 13 17 16 14 
6 6 6 6 6 

155 86 116 142 206 
26 17 2 27 40 

2 13 14 
6 6 6 

157 102 10 161 242 
16 
6 

19 4 0 24 27 
9 4 0 16 17 
6 6 -6 6 6 

113 23 0 142 163 

- . . . 
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Water Depth: All growth trials were being performed in 3.3 L aluminum trays. Three set- 
ups providing variations in soil moisture content were constructed. 

The first set-up, termed the Gradient Seedbed (“G“), consisted of a wire frame, with a 
fibreglass screen floor and covered with 1 cm layer of soil. This seedbed was set at an angle 
from the lip of the aluminum tray at one end to the depth of the tray as the other end. The 
tray was filled with water so that half of the wire seedbed is submerged. Six replicates of 
approximately 100 seeds each were implanted on the beach zone, at the water line and in 
the submerged area. 

The second set-up, termed the Varying Seedbed (“V”), consisted of a wire frame with a 
fibreglass screen floor and covered with 1 cm layer of soil. The set-up was suspended so 
that the bottom of the seedbed barely contacts the water surface, maintaining seedbed 
moisture. However, with water loss from the trays by evapotranspiration, the degree of 
saturation varied over the two day period between waterings. 

The third set-up, termed the Floating Seedbed (“F’), consisted of a styrofoam frame with 
a fibreglass screen floor and covered with a 1 cm layer of soil. The styrofoam frame 
maintains the soil surface 1-2 mm above the water surface. Six replicates of approximately 
100 seeds were planted on the surface. 

Parameters Measured: Observations of germination frequencies and seedling development, 
in terms of shoot and root growth, were recorded on days 3, 9, 13, 16 and 46. 

3.2 Greenhouse Conditions: Germination and Seedling Establishment 

Obiective 

Using the information gained from laboratory germination and seedling establishment 
experiment (see Section 4.1), the objective was production of a large number of seedlings 
for transfer to floating rafts in neutral water (East Oriental Pond) and acid water (Oriental 
West Pit) in the glory holes in Buchans, Newfoundland. 

An ‘A’ frame greenhouse was designed and built in Buchans, 2 krn from the glory holes, the 
sites of seedling transplant. 

The greenhouse is 3.7 x 11 m at the base, reaching, at the apex, 2.4 m in height. The 
greenhouse was constructed from a wooden frame, and covered with thick, clear, plastic 
sheeting, sealing the greenhouse draft-tight. Electric heaters with thermostats were installed 
to maintain minimum air temperatures, and a water line installed to supply water during 
germination and seedling growth. 



Within the greenhouse were constructed eight 1.22 m wide, by 2.44 m long, by 0.6 m high 
water-tight open-topped plywood boxes, sealed with silicone gel sealant. These eight boxes 
were filled with Buchans tap water to a height of 0.5 m within the boxes. 

These boxes' dimension permitted installation of 16 plastic germination trays, in a 4 tray by 
4 tray configuration, held floating on the box water surface by a frame constructed from 
plywood and styrofoam sheeting with squares cut the size of the 16 trays. 

Two square holes were cut out of the floor of each tray, in order to maintain maximal 
moisture content in the substrate within the trays. The trays were lined with burlap cloth, 
hot-glued to the tray lip perimeter, in order to contain the substrate. 

Two types of substrate were placed in each trap. A base layer, 4 cm thick, composed of a 
sandy till characteristic to the Buchans area, was placed over the bottom of each tray. A 
second 4 cm thick layer of substrate was placed over the till layer. This substrate was 
composed of black, high organic peat collected locally, then sifted through a 0.5 %m minus 
mesh, to remove larger debris. 

Greenhouse Conditions- Monitoring and Control 

The seeds were planted May 11, 1990, a time when night temperatures could potentially 
decrease to 0 C and below. Therefore, using the installed heaters, the greenhouse was 
maintained at  a minimum of 22" C. 

Water levels were maintained by addition of Buchans tap water. From observations of 
uneven decreases in water levels, leaks were detected in some boxes. These boxes were 
drained, patched refilled, and the trays re-installed. 

Ambient sunlight through the translucent plastic sheeting was the only illumination provided. 
The tray seed beds were adjusted by weights so to maintain moist, but not wet, surfaces over 
the trays. 

Seedine: First Trial 

nphu ZutifoZiu seed heads were collected from the Bluffer's Park, Scarborough, Ontario on 
March, 13, 1990 and stored at  refrigerator temperatures. The seed heads were transported 
intact to Buchans. A total of 43 seed heads were used to seed the 128 trays, or about 0.3 
seed heads per tray. Seeds were separated from other seed head parts by fluffing the seed 
heads in 20 1 of dilute detergent-warm water solutions. The detergent assists wetting of the 
pericarp surround the seed, which results is spontaneous release of the seed. As the seeds 
are more dense that water, while air bubbles within the other seed head parts render them 
less dense that water, seeds sink for collection at the bottom, while the remaining floating 
debris can be scraped off. 
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Seeds released from the seed heads were allowed to settle, and the concentrated seed slurry 
collected and excess water decanted. The seed sluny was homogenized with an additional 
32 litres (by moist volume) of the black, high organic peat. A thin layer of 250 ml of the 
seed-peat mixture was applied over each tray surface and patted down by hand to draw 
moisture to the surface, in order to promote a high moisture contknt in the peat around the 
seeds in spite of surface evaporation. 

After planting, 250 g of the product "Flowering Plant Fertilizer" (Plant Products Co. Ltd., 
Bramalea, Ontario, 15-30-15 N-P-K) was added to the water in each box supporting the 
floating germination trays. 

Seeding: Second Trial 

Close examination, after 30 days, of the seedlings growing in the greenhouse (June 10,1990), 
revealed that the Ppha seedlings reported growing were, in fact, a grass species' seedlings, 
'while very few plants were Ppha. 

Although germination was recorded within 7 days, very few plants had established by 30 days 
after planting. Establishment only took place at the perimeters of the trays, where wicking 
of box water up the sides of the trays via the burlap provided better conditions for 
establishment. 

Measurements of pH revealed that in the centre of the trays, the pH of the saturated peat 
was only 3.9 to 4.1, while the pH of the peat ranged from 4.2 to 5.4. The pH of water 
within the boxes underlying the trays ranged from 6.3 to 7.2. Agricultural limestone was 
added in order to increase the pH of the peat substrate. Remeasurement of the pH 
indicated that this limestone addition procedure increased the pH in the middle of the trays 
to pH 6.1. 

On June 12,1990, half of the peat layer was removed from each tray, and mixed with 2 1 of 
sand and 200 cm3 of agricultural limestone. The mixture was replaced over each of the 
trays. 

The trays were re-seeded with Qpha seeds by the following procedure. Fifteen seed heads 
were separated, fluffed and wetted with a small amount of dish detergent in a 20 1 bucket. 
The seeds were separated as during the first planting. The seed slurry was homogenized 
with 32 1 of moist till and 300 cm3 of limestone. The mixture was evenly distributed over the 
trays, patted down and watered. 

3 3  Floating T y p h  Mats: Construction and Transplant 

A wooden frame design, based on a superstructure of 2% 6" wooden frame 5 to 6' by 10 to 
12' in area, was employed, where netting is attached at the base to create a large basket to 
contain organic substrates. A burlap layer was fixed over the netting floor, to ensure 
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containment of sphagnum moss biomass, the substrate used to support newly transplanted 
seedlings or mature plants. Styrofoam strips were attached to the frame edges in order to 
maintain the correct level of buoyancy and saturation of the mats. 

Twenty rafts were constructed. Ten were launched and anchored into position into the 
Oriental West Pit, where the pH ranges from 6 to 7. Ten more were launched into Oriental 
East Pit, where the pH ranges from 3 to 4. 

On July 25, 1990, the plastic trays enclosing the seedling growth substrate were removed, and 
the blocks of amendment consolidated by the seedlings’ root network were cut into thirds, 
each representing a clump ready for transplant on July 26. Mature plants were excavated 
from a local Vpha population in the week of July 26 for transplant to the floating rafts. 

Rafts were designated as either seedling or mature transplant rafts. Slow release fertilizer 
and bone meal were added alone or together for comparison of establishment and growth 
with control (no amendment) conditions. The transplant pattern, in terms of the specific 
number of seedling clumps and mature plants transplanted to the rafts, and the amendment 
applied to the floating mat surfaces, is given in Table 3. 

4.0 RESULTS AND DISCUSSION 

4.1 Seed Germination and Seedling Establishment in the Laboratory 

After 16 days, approximately 12,600 seedlings had germinated and survived the 32 
treatments. However, after 46 days, only approximately 7,700 seedlings, or 61%, were 
surviving, indicating that with development, significant thinning within the planted areas had 
occurred (Table 4). 

A moist, but not wet, seedbed appears optimal to seed gerdnation, indicated by the highest 
germinations observed in the beach and suspended moisture treatments, and the poorest 
germination results in the below water treatments (Table 4). However, the suspended and 
floating treatments appear most favourable for seedling establishment. Overall, it appears 
that floating seed beds would provide the most appropriate conditions for germination and 
seedling establishment. 

Examination of the germination data indicates that seed germination is inhibited by 
increasing concentrations of fertilizer, but low levels are tolerated by seedlings during 
establishment (Table 4). Therefore, addition of low levels of fertilizer after germination to 
promote seedling growth appears the best timing. 

Variation in humidity does not appear to affect either seed germination or seedling 
establishment in the laboratory. The addition of fungicide promoted seedling germination, 
but, between 16 and 46 days, a comparable number of seedlings died, indicating the 
fungicide does not overall increase the density of seedlings during establishment (Table 4). 
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Table 3: Floating TVpha Mats- Experimental treatments and growth results, October 26. 1590 

WEST PIT 

I n i t i a l  Treatment 
I n i t i a l  # clumps: S,L 

H t  Classes remain? 

Seedling H t  s ize range 

New shoots from Mature 

I n i t i a l  Treatment 

I n i t i a l  # clumps: S,L 

H t  Classes remain? 

Seedling H t  s i r e  range 

New shoots from Mature 

RAFT 1 RAFT 2 

NIB, Seedlings NIB, Seedlings 
19 S, 10 L 19 S. 10 L 

no no 

10 - 45 cm 10 - 40 cm 

N.A. N.A. 

RAFT 6 RAFT 7 

F, Seedlings Seed1 ings 

24 S, 0 L 23 S. 3 L 

no; 3 dead none o r i g i na l l y  

9 - 10 cm msx 7 cm 

N.A. N.A. 

EAST P I T  

I n i t i a l  Treatment 
I n i t i a l  # clvnps: S,L 

H t  Classes remain7 

Seedling H t  s ize range 

New shoots from Mature 

I n i t i a l  Treatment 
I n i t i a l  # clunps: S,L 

H t  Classes remain? 

Seedling H t  s ize range 

New shoots from Mature 

RAFT 11 

F+B, Seedlings 
19 S, 10 L 

No 

40 -'E0 cm 

N.A. 

RAFT 16 

F, seedlings 
19 L, 10 S 

no 

30 - 70 cm 

RAFT 12 

F+B, Seedlings 
19 5 ,  10 L 

NO 

30 - 80 cm 

N.A. 

RAFT 17 

Seedlings 
19 L, 10 S 

no 

< 10 - 30 cm 

RAFT 3 

NIB,  Seedlings 
19 S, 10 L 

no 

< 10 . 40 cm 

N.A. 

RAFT 8 

B ,  Mature 

20 plants 

N.A. 

N.A. 

5 shoots 

RAFT 13 

F+B, Seedlings 
19 s, 10 L 

No 

30 -70 cm 

N.A. 

RAFT 18 

B ,  Mature 
20 plants 

N.A. 

N.A. 

RAFT 4 

N+B, Mature 
20 p lants 

N.A. 

N.A. 

20 new,40cm msx 

RAFT 9 

F, Mature 

20 p lants 

N.A. 

N.A. 

5 shoots 

RAFT 14 

F+B, Seedlings 
29 L 

N.A. 

30 - 90 cm 

N.A. 

RAFT 19 

F,  Mature 
20 plants 

N.A. 

N.A. 

RAFT 5 

B ,  seedlings 
19 S. 10 L 

no 

10 - 14 cm 

N.A. 

RAFT 10 

Mature 

20 plants 

N.A. 

N.A. 

4 shoots 

RAFT 15 

B ,  Seedlings 
19 L, 10 S 

NO 

10 - 40 cm 

N.A. 

RAFT 20 

Mature 
20 plants 

N.A. 

N.A. 

N.A. N.A. 16 shoots.40cm msx 32shoots.90cm man 8 Shoots,lOcm max 

N.A. Not Applicable N = Slow-Release F e r t i l i z e r  Added 
N.R. Not Recorded B = Bone Meal Added 

W 
I 
r 
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Table 4: The number of seedlings 16 and 46 days after planting, summed by independent 
variables applied during laboratoxy experiment (summarized from Tables 1 and 2). 

Water Level 
Seedbed Seedbed Seedbed Seedbed Seedbed 

At Below Suspended Floating 
on Beach a W.L. At W.L. 

16 days 3090 1430 1530 3620 2990 
46 days 1740 650 800 2290 2230 

Addition of Fertilizer 
No LOW High 
Fertilizer Fertilizer Fertilizer 

16 days 5070 4460 3110 
46 days 3170 2630 1920 

Humiditv Level 
LOW High 
Humidity Humidity 

16 days 6290 6360 
46 days 3800 3720 

Fungicide Addition 
Funeicide No Funeicide 

16 days 7360 5280 
46 days 4000 3720 

'&ha seeds did not require a cold treatment. This concurs with McNaughton (1966), who 
determined that seeds are already viable when still on the inflorescence. However, reports 
in the literature indicate that, for a seed to germinate, there must be sufficient moisture to 
maintain a saturated seed (Bedish, 1967; Weller, 1975; Leck & Graveline, 1979), light 
intensities approaching that of full sunlight (Sifton, 1959; Kadlec & Wen@,, 1974; Sharma & 
Gopal, 1979) including red and infrared (Sifton, 1959) and temperatures ranging from 20 to 
30 'C for high frequencies of germination (Morinaga, 1926; Thompson et al., 1977). Clearly, 
any of the treatments in the present laboratory conditions provided all these requirements 
to some degree, as in all treatments, seeds germinated and seedlings established. 

Seedling establishment is likewise been reported to be dependent upon similar moisture, 
light and temperature conditions as seeds for germination (Yeo, 1964; Bedish, 1967; Weller, 
1975; Sharma & Gopal, 1979), but is also sensitive to water and sediment chemistry 
(McMillan, 1959; Kadlec & Wentz, 1974). 
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4.2 Greenhouse Conditions: Germination and Seedling Establishment 

Seeding: First Trial 

As described in Section 3.2, close examination on day 30 of the first seed planting trial, 
revealed that very few plants growing on the greenhouse flats were seedlings. The 
few Vpha seedlings present were confined to the perimeter of the trays, where wicking of 
box water up the sides of the trays through the burlap may have maintained better substrate 
conditions, such as overall higher pH, at the edge of each tray. 

On retrospect, poor germination of Qpha seeds may have been expected. A follow-up lab 
examination, just after the first planting (May 11, 1990), of the pH of till and peat substrate 
slumed with distilled water revealed that the pH of the till substrate was 5.7 and the pH of 
the peat lower yet, pH 3.68. Combined, the two slumes’ pH was 4.07. With addition of the 
same fertilizer, but at a higher concentration than that applied in the greenhouse conditions, 
the pH only increased to 4.1. At the time, however, germination and growth was reported 
from Buchans, and suspicions were not raised until direct examination of the seedlings on 
June 10, 1990. 

Remeasurement of the pH indicated that this liming procedure increased the pH from the 
prior pH 3.9 in the middle of the trays to pH 6.1. Over the next 43 days, a dense seedling 
population established evenly over all eight seed bed flats. However, two types of seedlings 
had differentiated according to which box they were growing in; shorter chlorotic seedlings, 
5 to 15 cm tall, and larger, greener seedlings, 15 to 25 cm tall. 

Sampling of the bulk solution in each box indicated that those boxes with poor seedlings 
(Boxes 1, 2, 3, 4 and 8) contained very low concentrations of nutrients, and were the same 
boxes which required mending after leaks were detected. The healthy seedlings were in 
boxes (I3oxes 5, 6 and 7) with much higher nutrient concentrations, where no water had 
leaked, and the nutrient concentrations were not diluted (see Table 5 below). 

Table 5: Nutrient concentrations in boxes underlying trays, 43 days after seeding. 

4 

PH C o d  CI(1 CPl CCal 

I 
Box 1 5.83 
Box 2 5.96 
Box 3 6.67 
Box4 6.25 
Box5 630 
Box 6 6.19 
Box7 5.99 
Box 8 5.94 

98 
115 
185 
49 

370 
440 
312 
135 

1.9 0.3 1.5 
6.4 0.8 1.5 
6.3 <0.01 1.3 
<0.1 <0.01 2.1 
27 25 2.1 
35 39 1.9 
21 23 5.3 
2 7  0.5 3.8 



3 - 1 4  

Overall, both size classes of seedlings appeared mature enough, in terms of plant height and 
root development, for transplant to field conditions without significantly damaging the plants. 

4 3  Floating Typha Mats: Plant Establishment and Growth 

Seedlings and mature transplants survived transplant, and established and grew to various 
sizes on all rafts under the conditions of both Oriental East and West Pits (Table 3). 

The best conditions for seedling establishment, growth and development were provided by 
the rafts located in the circumneutral Oriental East Pit, where rafts were amended with 
fertilizer and bone meal. Neither the rafts amended with fertilizer or bone meal alone 
provided conditions for the excellent seedling development observed when the amendments 
were combined. However, very poor growth of seedlings was observed on the unamended 
raft, indicating the bone meal and fertilizer, when applied alone, did promote some growth 
of seedlings. 

Overall, the shoots of seedlings were shorter, the plants produced fewer and smaller 
rhizomes and root development was poorer in the acidic conditions of the West Oriental Pit 
(Figure 1). However, the seedlings responded to combined fertilizer and bone meal, bone 
meal or fertilizer alone, or no amendment, in a very similar manner is in the East Oriental 
Pit. 

. 

Mature Qpha shoots transplanted to floating rafts in Oriental West Pit produced very few 
new shoots when bone meal or fertilizer alone were added (4 to 5 new), compared to the 
development of 20 new shoots on the raft where both fertilizer and bone meal where added 
(Table 3). Although a comparable combined fertilizer and bone meal amended float was 
not set up in Oriental East Pit, when either fertilizer or bone meal was added to the raft, 
the transplanted mature plants developed more new shoots (32, 16 new respectively) than 
on the rafts with no amendment (8 shoots). 

5.0 CONCLUSIONS 

Several practical techniques, for germinating Qpha seeds, promoting Dpha seedling 
development, and transplanting juvenile or mature plants to floating rafts, have emerged 
from this work. 

Maintenance of constant substrate moisture, selection of substrates with circumneutral pH's, 
and provision of nutrients both during seedling establishment and transplant have been 
identified as key measures. 
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Figure 1: Graphical presentation of seedling development observations (seedling shoot, 
rhizome, root and new shoot: length and number) 94 days after transplant to rafts on the 
Oriental West and Oriental East Pits. 

' 
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The suitability of the raft design, and the development of improved designs, in terms of 
providing suitable conditions for juvenile and mature plant survival during overwintering, is 
clearly the next phase of research. Detailed monitoring of root and rhizome development 
will be required, as maximal development of these plant parts are required for both 
overwintering success and maintenance of the buoyancy of the mats. 
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1.0 INTRODUCTION 
The following experiments were conducted to estimate the optimum ratio 

of sawdust, alfalfa, and Biolyte CX-70 for the ARUM process in the Oriental West site 
of Buchans for Asarco Mining. 

2.0 METHODS 
Mixtures of sawdust and alfalfa obtained by Boojum Research were 

prepared in triplicate in 1 litre Mason jars according to Table I. Extra replicates of the 
mixtures were prepared for the 100% sawdust and the 50%/50% sawdust/alfalfa 
combinations. Water from the Oriental West site (350 ml aliquots) was added to each 
jar. After two weeks each jar was innoculated with 2 ml of a suspension of a sawdust 
amendment sample from Oriental East in which sulphate reduction was occurring. 

The jars were also innoculated with a mixture of Biolyte CX-70 and bran 

which had been homogenized for two 15 second intervals in a Waring blender. Bran 
was added to the Biolyte as a carrier since relatively small amounts of product were 
being used. One set of the triplicate sawdudalfalfa mixtures received 1% Biolyte as 
product (V/V of unhydrated amendment), a second set received 0.3% while the third set 

received 0.1%. The extra 100% sawdust and 50%/50% sawdudalfalfa preparations 
received bran without Biolyte as controls. Oriented West sample water was then added 
to fill the jars to 1 inch from the top. The jars were then monitored visually each week 

and after several weeks pH measurements were made. 

Another study to assess the potential benefit of using potato waste and to 
define the value of Biolyte was conducted using a similar protect. A third experiment 
was conducted to examine the effect of increased water/amendment ratios, the effects 

of iron addition, and the effects leaching of the alfalfa amendment. This experiment was 
conducted in 1.2 litre fleakers which permitted greater volumes of water to be added to 
the amendments. Sample aliquots removed for VFA analyses were stored frozen and 
then filtered through a 0.22 micron cellulose nitrate filter prior to analysis by gas 
chromatography. 
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3.0 RESULT AND DISCUSSION 

Table II summarizes the data of the first experiment conducted to estimate 

optimum mixtures of sawdust, alfalfa, and Biolyte CX-70. The experiment summarized 

in Table III examined more carefully the requirement for Biolyte, while the experiment 

summarized in Table N tested the effect of increasing the ratio of water to amendment, 

the effect of iron addition, and the effect of leaching the alfalfa amendment. 

It can be seen that all treatments increased the alkalinity of the water (Table 

11) The least successful treatments were 100% sawdust with 0.1% Biolyte and 0% Biolyte. 

The most successful treatments were 10% alfalfa/90% sawdust and 20% alfalfa/80% 

sawdust with 0.1% Biolyte (Table U). Data in Table III indicate that potato (waste) is a 

potential substitute for alfalfa. The addition of Biolyte CX-70 did not improve and may 

be detrimental to alkalinity generation (Table II and Table III). Higher percentages of 

alfalfa appeared detrimental to alkalinity generation in test vessels containing similar 

volumes of water and amendment (Table II). In test vessels where water volumes 

greatly exceeded amendment volume these problem did not occur (Table IV). 
The test amendments which had the lowest alkalinity generation tended 

to have the most putrid/rancid odour. Gas chromatography analyses revealed that these 
samples tended to have higher amounts of volatile fatly acids (VFA’s) than the most 

successful treatments (Table In. Biolyte CX-70 appeared to stimulate VFA production, 

particularly when the alfalfa concentration were less than 40% (Table II). The highest 

pH levels were acheived when sulphate reduction was evident and VFA levels were 

lowest (Table II). Possibly excess VFA production can inhibit sulphate reducing 
bacteria. 

Excessive VFA production may only be a problem in regions with large 

volumes of amendment and low (or no) flows as data in Table N suggests. Table IV 
also shows that there appears to be water soluble nutrients in alfalfa which stimulate 

alkalinity and VFA production (as indicated by putrid/rancid odour). 
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4.0 Conclusions 
Mixtures of 10% alfalfa/90% sawdust to 20% alfalfa/80% 

the ARUM process in this site. 
are optimal for 

Biolyte CX-70 does not appear to benefit the ARUM process when 
alfalfa/sawdust amendments are used. 

Potato waste is a potential substitute for alfalfa in the ARUM process. 
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Table I Sawdust/Alfalfa Amendment Mixtures 

Percent 
Sawdust 

Percent 
Alfalfa 

100 0 
90 10 
80 20 
70 30 
60 40 
50 50 

Each of these mixtures WaS 

Sawdust (g) - 

57 
51.3 
45.6 
39.9 
34.2 
28.5 

0 
5.7 
11.4 
17.1 
22.8 
28.5 

Alfalfa (g) - 

prepared in triplicate and added to a mason iar before 

addition of Oriental West water, Biolyte CX-70, and inoculum from a sample containing 

sulphate reducing bacteria. 
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Table 11 Optimization of amendment composition: Screening Test 

Amendment 
Composition 

CX-70 
Supple- 
ment 
(V/V 
%)(” 

Butyric 
Acid 

after 6 
wks 

PH” 

After 5 
wks 

After 6 
WkS 

ZFpF 
4 0 0  4 0 0  

100% 

100% 

100% 

100% 

1.0% 

0.3% 

4.5 

4.2 

4.6 

4.4 

4 0 0  

4 0 0  

0.1% 4.0 4.0 <loo 
0% 4.0 4.0 4 0 0  

1.0% 4.4 4.4 

0.3% 4.5 4.4 - l -  
6.6O’ 

4.7 

- I -  0.1% 

1.0% 

6.5 

4.7 Tq-7 
<loo 4 0 0  

761 80% 20% 

80% 20% 

80% 20 % 

70% 

0.3% 4.9 5.0 <loo 
0.1 % 6.2 5.8(3’ <loo 4 0 0  <loo 

653 1242 

4 0 0  694 

4 0 0  4 0 0  

480 913 

565 1258 

427 532 

718 871 

395 661 

282 484 

1000 500 

1.0% 4.5 4.7 955 

70% 30% 

70% 30% 

60% 40 % 

60% 40% 

0.3% 

0.1% 

4.9 

5.3 

526 

<loo 
4.8 

5.6 

1.0% 4.9 5.0 633 

0.3% 4.5 4.6 1705 

0.1% 4.8 4.8 736 

1.0% 4.7 4.7 2205 

0.3% 5.0 5.2 1386 

0.1% 4.9 

4.9 

5.1 

5.0 

724 

1660 0% 
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1 

2 Initial pH was 3.5 

3 H,S odour detected 

4 

Biolyte CX-70 was added as a percent volume of unhydrated amendment volume. 

This sample set was accidently lost prior to VFA analysis. 
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Sawdust 
(% w/w) 

90% 

Table III Biolyte Requirement and Starch Tests 

Alfalfa Starch (% 
(% w/w) 

w/w) 

10% 0% No 

Amendment Composition I gal; 
2wks 

4.7 

4.6 

4.6 

4.5 

5.0 

4.9 

4.8 

3wks 4wks 5wks 

4.6 4.6 4.6 

4.5 4.4 4.5 

4.7 4.6 4.7 

4.5 4.4 4.4 

4.9 4.8 4.8 

4.8 4.8 4.9 

4.8 4.7 4.7 

90% I l00 1 0% I 1; 
90% 10% 

90% 

90% 

0% 10% No 

0% 10% Yes 

90% 

pH After Incubation Period 2 

0% 10% YES 4.8 4.7 4.7 4.6 

1 Biolyte was added at 0.1% (V/V) of the unhydrated amendment volume. 

2 initial pH was 3.5 
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Table IV Effect of increased water/amendment ratio, addition of iron filings, leaching 
of alfalfa amendment. 

Amend men t 
composition 

50% 
Sawdust/50 

% Alfalfa 
(w/w) 

50% 
Sawdust/50 

% Alfalfa 
(w/w) 

50% 
Sawdust/50 

% Alfalfa 

0.5 cm layer 
of iron 
filings 

(w/w) plus 

50% 
Sawdust/50 
% leached 

alfalfa 

pH after incubation period 
Water/Am endment I 

3 wks 

- 

- 
5.7 

- 
5.7 

4.8 

- - 

4 wks 

- 

- 
6.5 

- 
6.1 

4.7 

- - 

5wks 

4.9 

6.4 

6.6 

5.0 

Comments 

This data was 
obtained from 
Table I. Odour 
after 2 wks was 
putrid. 

Putrid and H,S 
odour detested 
after 3 wks. After 
5 wks, sulphide 
level was 0.85 
PPm 
Water turned 
brown/black after 
3 wks odour was 
putrid no HoS 
odour until5 
wks. After 5 wks 
sulphide level 
was 0.15 ppm 

No putrid or H2S 
odour detected. 
Sulphide level 
was 0.1 ppm after 
5 wks. 
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PURPOSE 

To perform sequential nutritional analyses on ARUM amendment samples from 

the Buchans site, Asarco Mining, Nfld. 

METHODS 

The procedure used was a simplified version of forage file analysis (1). Fig. 1 is 

an outline of the procedure. 

RESIXTS 

Results are summarized in Table I. Table II shows analyses of amendments 

before exposure to AMD. 

COMMENTS 

As amendment is degraded, the % loss after HCL extraction should decrease as 

should the % loss after H,SO, digestion. As the same time, the % remaining after 

H,SO, digestion should increase and become the major component. With the 

exception of the "E. Oriental Sawdust Cell-Eckman 6/11/90' sample, it appears 

the negligible degradation has occurred. 

REFERENCE 

Goering, H.K., and P. J. Van Soest (1970) Forage fibre analysis. Agricultural 

handbook No. 379. US Department of Agriculture. Washington, D.C. 
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TABLE 1 - SEQUENTIAL NUTRITIONAL ANALYSES OF BUCHANS AMENDMENTS, 

W. Pit 
6/11/90 
Panel #2 
Peat 

Peat 
6/11/90 

Acid Pool 
#7 Good 

Acid Pool 
#9 

Acid Pool 
#7 

E. Oriental 
S. Limnoc 

E. Oriental 
Sawdust 
Cell 
Eckman 
6/11/90 

JUNE, 1990 

Original after 
Acetone Extract 

13 

0 

7.2 

8.3 

14.5 

10.0 

17.0 

Limno & 
Peat East 
Oriental 

% Loss from 
Original after 
HCl Reflux (% 

Rapidly 
Degradable) 

54 

43 

54 

53 

50 

45 

24 

47 

% Loss from 
Original 

from H,SO, 
(% Total 

Degradables) 

73 

84 

83 

78 

70 

83 

50 

59 

% Remaining 
(Lignin and 
Cutin and 
Minerals) 

27 

16 

17 

22 

30 

17 

50 

41 
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Peat 

TABLE 2 SEQUENTIAL NUTRITIONAL ANALYSES OF VARIOUS AMENDMENTS 
BEFORE EXPOSURE TO AMD 

9.0 40 

Total % loss Total % loss 
from Acetone after 4% HCl 

SAWDUST 1 

Straw 6.0 

(1 SAWDUST2 I 7.2 I 29 

33 

55 

76 

I/ Cattail I 5.0 I 42 

45 

24 

11 Alfalfa 3 I 5.1 I 45 83 

Lipids soluble 
(resins) sugars, starch 

amino acids, 
hemicellulose 

17 

Total % loss % Remaining 
after 72% after 72% H,SO, 

76 I 24 II 

69 I 31 II 

Total degradable (as 100% 
Bio-available) 

1 Feb 23/90 sample 
2 July/90 sample 
3 July/90 sample 
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SEQUENTIAL NUTRITIONAL ANALYSIS OF AMENDMENTS 

AIR-DRY SAMPLE ; 
Acetone 

Some Resins, Lipids 

I ACETONE INSOLUBLE RESIDUE i i 
Extract 4% H,SO, ii 
Soluble Sugars, Starch, 
Amino Acids, Hemicellulose 

1 - 
RESIDUE 

b Cellulose 

I LIGNIN, CUTIN, SILICA, etc. I 
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SAMPLE DESCRIPTION BUCHANS 

Station: A 

0 - 7  
Dark to very dark, brown ,non woody, fine fibrous Peat containing 
non woody particles, coarse fibres and woody, coarse fibres. Moss 
(non Sphagnum) on top. 

Very dark brown - black, amorphous-granular Peat containing non 
woody, fine fibres and some non woody and woody particles. 

Dark brown (slightly lighter than above), fine fibrous, silty Clay 
Loam crisscrossed by non woody, coarse fibres. 

a/a. Dark - very dark brown. Traces of coarse sand towards bottom. 

Very fine - coarse grained, light brown, brown, fine fibrous, silty 
Sand, occasionally gravel, woody, non woody fibres and particles. 

7 - 15 

15 - 30 

30 -43 

43 - 50 

Station: B 

0 -3 
Dark brown - black Peat. Predominantly amorphous-granular, 
containing woody, fine fibres held in a woody, fine to coarse 
fibrous framework. Contains woody and non woody particles. 

Brown, grey brown, dark brown, amorphous-granular Peat containing 
non woody, fine fibres, occasionally woody, coarse fibres and 
particles. 

3 - 15 

15 -25 
Brown, amorphous. non woody, fine fibrous Peat held in a fine - 
coarse fibrous, non woody framework. 

Brown, organic rich Clay containing non woody, fine to coarse 
fibres. 

25 - 30 

30 -35 
Grey brown, light brown, very fine - coarse grained, silty Sand. 
Clay rich in top. 
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StatioQ: C 

Dark brown Peat, predominantly amorphous-granular, containing non 
woody, fine and coarse fibres. Woody, coarse fibres i/p. 

5 - 20 
Dark brown, black Peat, predominantly amorphous-granular, 
containing non woody, fine and coarse fibres. 

Dark brown, black Peat, predominantly woody, fine fibrous, 
containing non woody, fine and coarse fibres and woody particles. 

Dark brown, black Peat, predominantly amorphous-granular, 
containieg non woody, fine and coarse fibres. Clay i/p, 
particularly towards bottom. Coarse sand i/p. 

Grey, dark grey, very fine - very coarse, silty Sand. Clay i/p. 
Fine gravel i/p (occasionally up to 2.5 cm) . Contains non woody, 
fine and coarse fibres. 

0 -5 

20 - 25 

25 - 40 

40 - 45 

Station: D 

0 - 6  
Black, very fine grained, organic rich, sandy Silt containing non 
woody, fine fibres. 

6 - 15 
Dark brown, sandy Silt. Black, organic, silty matrix with light 
brown, very fine - coarse sand and occasional small, gravel sized, 
pebbles. Towards bottom inclusions of amorphous-granular, organic 
material containing non woody, fine - coarse fibres. 
15 -30 
Very dark brown, non woody, fine fibrous and amorphous Peat 
containing coarse fibres. Fine to coarse sand i/p. Occasional 
gravel sized pebbles (2 cm) towards bottom . 

Dark brown, brown, sandy Silt with very fine - coarse sand and 
gravel (up to 2.5 cm) and non woody, fine - coarse fibres and plant 
remains. 

Station: E 

0 - 13 
Dark brown, black, organic Silt with non woody, fine fibres. Fine 
sand i/p near bottom. 

30 -50 
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13 -19_ 
Brown, light brown i/p, very fine - coarse, silty Sand. Non woody, 
fine fibres i/p. Gravel (up to 2 cm) layer at bottom. 

19 -24 
Dark brown, very fine - coarse grained, silty Sand with strong 
organic-component and non woody, fine and coarse fibres. 

Dark brown, very fine - coarse grained, silty Sand containing non 
woody, fine and coarse fibres. Very coarse grained i/p. 
Occasionally gravel sized pebbles. 

Station: F 

0 -10 
Dark brown, blackish, organic rich, very fine grained, sandy Silt 
with woody, coarse fibres and particles, occasional small stick, 
and non woody, fine fibres. 

Light brown, very fine - coarse grained, silty Sand with non woody, 
fine and coarse fibres. Occasionally clay rich lenses. Gravel sized 
pebbles (up to 1.5 cm ) i/p. Slight H2S smell when broken apart. 

25 - 40 
Brown, very fine - fine, occasionally coarse grained, silty Sand 
containing non woody, fine and coarse fibres. Occasional gravel 
sized pebbles (up to 2.5 cm). 

Sample: G 

0 - 10 
Dark brown Peat, predominantly amorpxous-granular, containing non 
woody, fine and coarse fibres held together by a non woody, fine 
fibrous framework. 

10 -30 

- 
24 - 50 

10 - 25 

Dark brown Peat, a/a. Locally containing clay. 

Dark brown Peat, a/a. 
30 - 50 




