


The mamphytic alga Chara has been investigated in order to develop a biologi- 

cal polishing process. The process is intded to reduce conventional treatment 

costs and assist fulfillment of envimmental effluent guidelines for base metal 

m i n i n g  operations. 

Underwater meadcm of the algae in polishing ponds filter suspended solids, 

take-up/adsorb dissolved metals and ccmplex cmpomds, maintain reducing condi- 

tion in sludge ponds and provide buffering capacity to waste waters. Altbugh 

the algae survive and g r m  in waste water and exhibit tolerance to milling rea- 

gents as well as scavenge metals, the effectiveness of the algae as a polishing 

system lies in the growth dynamics of the populations. The objective of this 

mrk was, therefore, the deternuna ' tion of the graLzth dynamics and the factors 

controlling bianass production in Cbra populations. 

Four inactive tailings areas w h i c h  were naturally colonized by Cbra  populations 

were selected for detailed study in the T i ~ m i n s  area. The ppulations in the 

different sites exhibited very different mrphological characteristics. Shoot 

lengths ranged 2 cm to greater than 100 an. It was found that, in two loca- 

tions, the chars ppulations were merely maintaining a lcw standing b i m s .  

H a e v e r ,  biaMss increased by 200 to 700 g/m over the growth season in the 

other two populations investigated. 
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The elemental ccmpositions of water and sediment, based on the parameters 

addressed, were not found to affect the growth of the algal ppulations. The 

factors inferred as the cause of the mted growth differences are of a physical 

(shallow water with e x t r a  wave action and shifting sediment) and chemical 



(nitrogen form and redox mnditim) nature. The algae exhibited significant dif-  

ferences in their ability to establish and g r w  between the sites. These results 

indicate that in order to establish Chara as biological polishing agent in a 

waste managment area, the inbmductory plant material has to originate from 

ppulations with good growth potential. 

The scavenging capacity of the algae under alkaline conditions was evaluated, 

assessing the lower concentraticn limits at w h i c h  the algae ramme metals frcm 

the water. Therefore, uptake of metals fran waters w i t h  low concentrations 

m l d  specifically indicate which metals are effectively rammed. 

Most elements evaluated w e r e  dissolved un&c alkaline conditions but sane also 

occumed in partidate forms (Al, Fe and As). The scavenging ability of the 

algae was evaluated in waters where the concentrations of Cu, Ni, Al, As, Fe, 

Pb, Sr, Se, V and Zn w e r e  all below 1 mg/l and in marry cases below 0.005 mg/l 

(Table 8). concentration ratios of alga/water ranged frun as low as 20 to as 

high as 1,400,OOO. A total of 39 elements were evaluated and a l l  concentration 

ratios were above unity,  althwgh the mncentx-aticns of many elements w e r e  at 

the detection limit (Table 12). 

Estimates of the algae's scavenging ability can be derived. For example, assum- 

2 2 
ing populations with low to high annual growth rates (100 to loo0 g/m ), a 1 m 

area of algae contains 23 or 230 g of Ca. The same square meter remsves iron 

fran 23,076 L of water with an iron mncentx-ation of 0.65 q/l, or 750,000 L 

with an iron Concentration of 0.2 q/l. For metals of concern in alkaline waste 

waters such as Zn, 1 m of algae removes Z n  fran 920 L of water with a Zn con- 

centration as low as <O. 005 mg/l (assuming 100 g/m ) over a period of one year. 

2 

2 



From the above examples of estimates of the scavenging capacity of the algae, it 

is clear that the ability of the algae to perform as a polishing agent is 

remarkable a t  l o w  metal  concentrations. The effectiveness of the process is, 

hcrwever, dependant on initial establishment of productive populations and their 

g r m t h  rate. 
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On a gtudig l'algue macrophytique Chara dans le but de 

mettre au point un procgd6 de polissage biologique, lequel 

servirait, h faire baisser les coOts des traitements conven- 
tionnels et h respecter les directives des environnemen- 

talistes sur les effluents dans l'exploitation des mines de 

mdtaux communs. 

Les algues, que l'on trouve dans des champs sous-ma- 

rins, filtrent les solides en suspension, absorbent et ad- 

sorbent les mdtaux dissous et les composds complexes, main- 

tiennent des conditions stables dans les sites de traitement 

et donnent aux eaux usdes les moyens de jouer le r81e d'a- 

mortisseur. Bien que les algues survivent et grandissent 

dans les eaux usges, dans les pires conditions, et tolgrent 

trBs bien les reactifs de broyage ainsi que les r6sidus de 

mgtaux, il faut, pour que le processus de polissage soit 

efficace, se fonder sur le mode de prolifdration des popu- 

lations. Le but de ce travail a donc 6t6 de dgterminer la 

faqon dont les populations de Chara se reproduisent et les 
facteurs qui rdgissent la production de biomasses. 

On a choisi pour effectuer une 6tude poussge quatre 

champs ddsaffectds de rgsidus dans la rggion de Timmins que 

les Chara avaient envahis. Les Charas poss6daient des ca- 

racteristiques morphologiques trGs diffgrentes d'un terrain 

b un autre (2 cm de long par rapport 2 >100 cm). On d6cou- 

vrit qu'b deux endroits les Chara n'augmentaient pas leur 

biomasse dans l'annge mais maintenaient un niveau de popula- 

tion stable. En revanche, les deux autres groupes 6tudi6s 

accusaient une augmentation de biomasse allant de 200 5 700 
g/m2 - 
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On s'est rendu compte que la composition chimique de 

l'eau et des sgdirnents, fondge sur les paramgtres qui nous 

concernaient, n'a aucune consgquence sur la faGon dont les 

populations augmentent. On conclut, en revanche, que les 

facteurs qui entraTnaient vraisemblablement des diffgrences 

de prolifgration gtaient d'ordre physique (eau peu profonde 

03 l'action des vagues et les dgplacements de sgdiments sont 
trks forts) en plus d'6tre dus aux traits caractgristiques 

des sgdiments (nitrogkne et redox). D'un endroit h l'autre, 
les algues prgsentaient de nettes diffgrences dans leur 

capacitg h s'implanter et & se dgvelopper. Ces rgsultats 

rgvklent que pour utiliser les Chara en tant qu'agent de 

polissage biologique dans les terrains de gestion des dg- 

chets, il faut choisir comme matgriel d'ensemencement les 

spgcimens ayant les meilleures caractgristiques de proli- 

f grat ion. 

On a Qvalug les capacitgs de nettoyage des algues dans 

des eaux alcalines, calculant les faibles limites de con- 

centration auxquelles les algues dgbarrassent l'eau des mg- 

taux. Ainsi donc, quand on enlkve les mgtaux se trouvant 

dans l'eau en faibles concentrations, on sait exactement 

quel mgtal a et6 de fait gliming. 

La plupart des 616ments ont 6t6 dissous dans les eaux 

alcalines d'gtangs inactifs, mais certains apparaissent 

aussi sous formes de particules ( A I ,  Fe et As). On a 6valu6 

les capacitgs de nettoyage des algues dans des eaux OG la 
concentration de Cu, Ni, Al, As, Fe, Pb, Sr, Se, V et Zn 

gtait de moins de lmg/l et dans beaucoup de cas de 0,005 

mg/l (Tableau 8). La proportion de concentration al- 

gues/eau allait de 20 ,  la plus basse, 2 l 400 000, la plus 

haute. On Qvalua en tout 3 9  Glgments et toutes les propor- 
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tions de concentration gtaient au-dessus de 1, bien que 

beaucoup gtait h la limite du seuil de dGtection (Tableau 

12). 

On peut dgduire certaines choses sur la performance des 

algues. Ainsi, dans le cas de populations prolifgrant h un 
rythme annuel 6levG et bas (100 - 1000 g/m2), un mstre carrg 
contient 2 3  ou 230 g de Ca. Ce mGme mgtre carrG nettoie 

23 076 litres d'eau du fer s'y trouvant dans une proportion 

de 0,65 mg/l ou 750  0 0 0  litres contenant 0,2 mg/l de fer. 

Pour les mgtaux dont on a par16 dans les eaux usges alcali- 

nes, comme le Zn, les algues nettoient dans un mstre carrG, 

pendant un an, s'il y a 100 g/m2, 920 litres d'eau ayant des 

concentrations aussi faibles que < 0 , 0 0 5  mg/l. 

D'aprgs les exemples donngs ci-dessus des capacitgs de 

nettoyage des algues, il est gvident que celles-ci peuvent 

accomplir des prouesses en tant qu'agent de polissage h de 

faibles concentrations en mgtal. L'efficacitG du proc6dG 

dgpend toutefois de l'implantation de populations produc- 

tives et de leur taux de prolifgration. 
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1.0 I N T R O D ~ I O N  

The potential usage of algal bicmass as a bioadsorbant for metals in industrial 

process streams and for waste water treatment has been an area of intensive 

investigation in recent years (Allelix, 1984; Slake and Dubois, 1982). 

Although the bioadsorbant abilities of biological systems are tremendous, the 

ccmbining of industrial requirements imposed by the process or waste stream 

with those of the biological system presents a technological challenge. This is 

exemplified by the mrk carried out with species of the Qlarophytes (macmphytic 

attached algae growing in alkaline, oligotmphic waters). This algal gmup has 

been investigated in recent years because of their high affinity to metals 

(Bureau of Mines, 1981 ) . 
/ 

The charophytes w e r e  effective in remnring particulates from the effluent waters 

in uranium mines, but their use as a stand-alone biological treatment system w a s  

m t  satisfactory. Hmever, the potential application of these algae to address 

waste management problems in base and precious metal operations have been iden- 

tified. The algae could be utilized, with appropriate techmlogy developrent 

ccmbining engineering and ecology (Kalin, 1985), to econanize on waste water 

management costs, to impme effluent qualiiq and to achieve environmentally 

acceptable close-out conditions for tailings areas. 

The algae in 10 different alkaline waste waters frcm various base metal oper- 

ations have been tested for growth tolerance and averwintering ability in the 

laboratory and on site (Kalin and Smi th ,  1986). Furthemre, to identify suit- 

able conditions where the use of algae will be ultimately successful, laboratory 
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tests were carried out to establish the concentxations within which the algae 

are tolerant to mining reagents present in tailings effluents (Kalin and Smith, 

1986). These concentrations ranges are utilized to identify those waste streams 

and locations within the waste management area for which the chara proce ss would 

be suitable after further technological developnent. 

The plants have shcrwn great growth toleranoz to the chemical conditions under 

w h i c h  they have been tested, both in the laboratory and the field. However, 

extensive ppulations in the form of dense self-perpetuating underwater meadows 

are needed in order to utilize the algae. The precise ecological conditions 

necessary to prcmote prolific growth of C h r a  are not yet kmwn, nor are those 

factors affecting or controlling the establishment of ppulations. However, in 

order to develop an effective use of the algae Chara as a biological waste water 

polishing or treatment system, these ecological factors are essential and have 

to be det€?nnined. 

Based on a brief surveillance of abandaned gold tailings in the Timnins area, 

circumstantial evidence suggested that Chara spp. might have colonized water 

bodies associates with these waste sites. If indeed these water bodies have 

been colonized by the algae, ecological studies of these populations muld 

greatly facilitate further developt of the Chara proce ss . 

The objective of this wrk, therefore, was to determine if ____ chara ppulations 

have colonized ponds on the tailings and to what extent this has occurred. If 

populations have established, the objective is to study those factors which lead 

to the gxwth  and developnent of these populations. 
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2.0 DESCRIPTION OF STUDY SITES AND PLANTS 

Based on some preliminary investigations, it w a s  indicated that abandon& gold 

tailings in the Timnins  area may have been colonized by Characeae. This w a s  

confirmed during an initial survey within the framemrk of this study in May, 

1986, when  suln-eqed areas of many of the inactive tailings dams in the area 

were assessed. 

For detailed study,. the Chara populations in the Langmuir tailings area, on top 

of the Hollinger tailings dam in the northwest pond, and on top of the P m u r  

tailings dams where the central part remains ponded, were chosen. Populations 

helm the Schumacher dams - an operating tailings area - ( T 1  and McIntyre) were 

disc~~ered later and w e r e  included in the assessment. The location of the sites 

in the T i m ~ ~ i n s  area are presented in Schanatic 1. 

2.1 General - tailings site descriptions 

In Schematic 2, the surfaces of the Langmir, Pamrxu: # 2 are outlined. The 

exposed and suhnerged tailings are differentiated and an approximation of the 

perimeter of the chars populations is given. The Hollinger site is outlined in 

Schanatic 3, and the locations of the populations studies at the bottcm of the 

Schumacher dam are shcwn in Schematic 4. 
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Schematic 1. The location of the tailings investigated in this study in the 

Timnins  area. 



- 5 -  

Schematic 2. Surface of Langmui r  tailings w i t h  relative area of Chara merage. 

1 N / !  

c 

/ I 
I t /' ! 

P 
2*. 

I / n I -*. 

0 0 0 0 0 0 0 -0 0 
0 0 0 0 0 0 0 3 0 0 0  

Surface of Pamour #2 tailings w i t h  relative area of Chars coverage. 



- 6 -  

I 1 

0 500 rn 
.. : :.... 

Road - -- 

Exposed Tailings El 
. . . . .  . . . . .  . . . . . .  . . . . . .  Submerged Tailizgs . . . . .  . ..... ..... . . . . .  

Schematic 3. The H o l l i x q e r  tailings area with relative coverage of Chara 

populations. 



- 7 -  

N 

1 

, , / o o o o o o c o o  
o o o o o o o c o o  
o ~ o o o o o o o o  
o o o o o o o o o o  
o o o o o o o o o c  
o o o o o o c o o o  
o o o o o o o o o o  
o o o o o o o o o o  
o o o o o o o o 3 0  

1 

0 so0 m 

- -- Road 

Exposed T a i l i n g s  

Submerged T a i  I i n g s  n 
Perimeter o! Chara Co1on:zaiion L,,F; 

Schemat ic  4. The Schumacher tailings area with location of Chara population 



- a -  

Table 1 presents other descriptive parameters of the study sites, giving the 

type of m i n e ,  the duration of operation, as well as estimates of the areas of 

dry and w e d  tailings, along w i t h  chara mered areas. 

Table 1: TAILINGS SITE DESCRIPTION 

With the exception of Langmuir, where nickel w a s  mined, all sites investigated 

were m i n i n g  gold. The surfaces of Langmuir and Panour #2, both inactive sites, 

had about the same age at the time of investigation, whereas the Hollinger sur- 

face is 3 t i m e s  older. The t ime of establishmmt of the papulations at the bet- 

t a n  of the Schumacher dams CannDt be determined . Hmever, since the McIntyre 

operation is of a considerable age, with milling starting in around 1912, it can 

be assumed that the chara populations at the foot of the tailings dams have been 

established for sane time. Within the estimates of suhwrged tailings areas on 

the Langmuir, P m u r  #2 and Hollinger sites, about one-third to a quarter of the 
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pond bottom is CCNered with a solid mat of C%ara. 

of the S c h u m a a  dams have ccmpletely overgrown all available water areas. 

The papulations at the bottau 

2.2 Site spec ific tailings surface descriptions 

Langmir: The Langmui r  qerat icn disposed tailings into a natural depression 

contained in retention ponds to the north, east and south sides. Tailings w e r e  

spigotted a l q  the western perimeter of the hpcnmhm t. As rm vegetatim w a s  

reraved prior to tailings disposal, the dense boreal forest was either inundated 

with tailings &/or flooded (Schematic 2). No revegetation has been attmpted 

since mill shutdown in 1977. 

The dry t a i l i n g s  areas are almost cunpletely devoid of colonizing species after 

9 years of inactivity. One terrestrial m s ,  typically irnrading waste sites, 

Ceratdon purpure us has CCNered sane areas of the tailings along the edges of 

the containmen t dams. 

As the exposed tailings are at the base of a local watershed to the north, while 

not elevated mre than 2 metem abave the pond water level at the highest pint, 

the tailings surface is not especially d q  over mst of the growth season. The 

tailings are neutral, with pH values in slurries ranging frcm 7.2 to 7.5. b r e  

than half of the Langmuir tailings area is under water. Several species of vas- 

cular aquatic macmphytes have colonized the ei@s of the sutmeqed potion of 
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the pond, dominated by cattails and sedges. In the southern portion of the

pond, an aquatic moss, Calliergon giganteum, forms a significant fraction of the

underwater meadow, along with Chara. Periphytic algal growth, mainly of the

genus Ulothrix and Mugeotia attach and form extensive algal sheets on emergent

portions of the submerged trees and shrubs (Plate 1).

Plate 1: Dense populations of Ulothrix, a haptophytic attached green algal
species, proliferate in most areas of the Langmuir tailings pond.

However, along the northern shore, the area of the pond underlain by tailings is

dominated entirely by Chara . Ulothrix was not showing extensive growth in the

areas where Chara was proliferating. Chara species have colonized all shallow

water puddles surrounding the outside of the dams, impounding the tailings.
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Hollirager: The Hollinger mill operated for 58 years, producing an estimated 65 

million tons of tailings w h i c h  were cycloned and spigotted centripetally to pro- 

duce an elevated tailings dam. The surface OOntCXlT at shut- consisted of a 

relative flat expanse, w i t h  t m  amcave depressians where water has accumulated 

to depths of up to 2 meters. The Hollinger site is the largest tailings area, 

with one-third of the surface m v e ~ ~ ~ 3  in shallow water (schematic 3) .  

The methods of tailings deposition, i.e. accumulating the tailings by height 

rather than deposition into a depression, results in the absence of organic 

matter, quite contrary to the conditions at the L a q m u i r  tailings site. How- 

ever, in 1968, the tailings surface w a s  revegetated for dust control, representing 

pioneering mrk in tailings reclamation. After two decades, a very sparse vege- 

tation mer, canprised of birch, aspen, birdsfoot trefoil and grass species, 

remains. Due to the exposure of the site, high w i n d  velocities are eroding the 

open, flat surface of the elevated tailings, which produces intensive waves in 

the ponds. As a result, a barren band, at least 50 meters wide, circumscribes 

the ponded regions above and below the water line. 

The central regions of the ponds are ppulated by _ _ _ _ _  Cbra  vulgaris and - C. 

globularis almst exclusively. Only one snall q i m  of cattails was obsemed, 

populating the shore or a rock outcrop on w h i c h  original vegetation has 

remained. chara species, together with other aquatic m a c m e s  are present on 

the wet areas below the tailings dams. 
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Pamour # 2: 

ings discharge ceased in 1979. 

megetated. 

foot t refoi l  dcmina-ting the grass w h i c h  w a s  introduced a t  the same t i m e .  

This tailings dam is a product of 43 years of ore milling. T a i l-  

Since then, the f l a t  tailings surface has been 

The vegetation cover currently consists of a dense layer of birds- 

Relative to Hollinger and L a r g n u i r ,  the Parrour # 2 tailings dam is covered w i t h  

a relatively mall, shallow pond (12 hectacres, lm deep), Schematic 2. The 

Parrvxlr # 2 pond is sparsely populated w i t h  Chara vulgaris, and very minor 

quantities of Ulothrix species. No other aquatic macmphytes co-exist in the 

pond and no cat tai ls  have colonized the edges of the pond. 

-: This tailings dam is still operating. Retention ponds allm for 

natural degradation of cyanide. Sections of th is  tailings dam are fil led 

up and have reached their final height. In the near future, sane of these 

tailings w i l l  be re-. 

N e i t h e r  the dry tailings portion nor the retention pond have been coldzed by 

indigemus species (Schematic 2).  However, a t  the base of most tailings dams, 

dense populatiom of Cbra vulgaris and - C. globularis have colonized a l l  

available water bodies. C o l d z a t i m  of new ditches along the operating Panwxlr 

# 1 tailings has been noted. 

2.3 iol  

The species of Chars: Two species of _ _ _ _  Chara, C. vulgaris and - C. globularis w e r e  

identified on the Hollinger, S c h m m ,  Pamrmr and L w  sites. Chara 
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vulgaris was, by several orders of magnitude, the pnxhumn ' t species in terms 

of ocmrmxe. Chara globularis was identified at three locations: ( 1) an 

isolated 10 m pool, less than 0.- deep in a waste rock pile to the west of the 

L a n g m i r  tailings: (2) at the shore of a 0.25 ha pond primarily colonized by 

2 

Chara vulgaris; and (3) at the shore of rock outcrop in the Hollinges east 

pond. As the species were found adjacent to two of four sites of this study, as 

well as at several other sites, large differences in the en;vironmental require- 

ments of the two species cannot be expected. Both species have great genetic 

and ecological variation (Wood, 1967). Historically, these t m  species were 

originally classified by txxoxnu 'sts as several species, with numerous vari- 

eties. Today, they have been cnnbined into two species ccmplexes, C. vulgaris 

and - C. globularis. 

A cansistent mrpbological differerace between these t w o  species is the arrange- 

ment of cortical and spine cells on the primary axes. A second distinguishing 

characteristic apparent m mature plants was noted during this work. Altbugh 

calcificatim of the czlara cells cccurs in both species, Chara vulgaris 

calcification OC(=UIS on the surface of the plant. In - C. globularis, calcium 

carbonate deposits develop between the central and cortical cells. This latter 

difference facilitates differentiation in the field, as - C. globularis remains 

green, while - C. vulgaris appears grey to white. This difference is also 

imgortant in relation to the application of the algae as a biological polishing 

agent for waste waters. 

Mmpho~ogy and Reproaucti on: Both species share all other morphological, 

physiological, developnental and reproductive characteristics. The chars plant 
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is canprised simply of the alternation of an intermde (giant cells elongated to 

1 to 15 cms) and the node, a multicellular mndemed region 3 m in length. The 

mde-intemode alteration of the plants can generate lcmgths greater than a 

meter, creating dense underwater madows. Several papulatians observed to date 

gxuw to the water surface. 

Every mde over the length of the Chara plant is capable of developiq into a 

new plant. Each rode has a dormant cluster of cells w h i c h  can develop into a 

new &not w i t h  mdes and internodes. A second cluster of cells remain dormant, 

but when in mntact with sediment, develop into rhizoids (elongated cells func- 

t i o n i q  as anchorage for the shot and providing nutrient absorption). 

Rhizoids, distal to the shoot, can also generate new photosynthetic dmots .  The 

lawermost mde within the sediments  are anchored by rhizoids and can expand over 

the growth seascm intm a bulb-like structure. Several shoots can arise f m  

th is  region into the same or following year(s). 

A wbrl of 7 branchlets radiate frun each mde. The branchlets generally func- 

t ion as photosynthetic organs, but under the correct Ccmditims, produce the 

male and female organs, antheridia and -a, the latter maturing into 00s- 

pores, the chars seed. vpcgl maturation, ccspres fall to the sediment, where 

they remain dormant until conditions prevail for their germination. 

Therefore, chars can be propagated by several means: O O S ~ O ~ ~  germination, 

proaUcing new, genetically distinct individuals; clonal propagation (upper 

shoots breaking off fran the main plant and anchoring via rhizoids); basal node 



- 15 - 

expansions and production of several clonal shoots; and rhizoid generation of 

sfw>ots. 

Calcification and uptake of elewnts: Both chars species are capable of fixing 

carlmn at external pH's less than 10, where  irrnganic carbon is primarily in the 

form of bicafbmate. This capacity to utilize bicart3aatate is believed to be the 

cause of calcium carbonate accumulation in chars wlgaris of up to 50& of the 

bi- (g caco3/g w -1 . -1 ions, stripped fm the bicarbmate 

mlecules, are pumped cut of the cells creating a local high pH. This reduces 

the solubility of calcium and carbonate, w h i c h  precipitate calcium carbonate 

onto the surface. 

These characteristics of (2rara allow for several modes by which elements can be 

remJvBd from the water column. are briefly described. Substituticm of 

calcium by other catians is cme possible means by w h i c h  accumulate metals 

externally. The 

cell wall of chars species cmtains a high coM=entratiopl of uronic acids. These 

upme - 'ms may both function, resulting in the well documented high 

adsorption/uptake characteristics. 

An additional means is cation exchange w i t h i n  the cell wall. 

3. METHODS 

3.1 Wansects 

In mid-May, 1986, transects w e r e  drawn fran the shoreline through the population 

in each pond and continuing, where possible, tn the apposite shore line. Each 

sampling point of the transeds was marked, using 1 meter stakes in the mm 
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shal law regions of the ponds ( <  0.- deep), while in deeper points on the tran- 

sects, styrofoam floats weighted by stcgles w e r e  used. The locations of the 

transects in each tailings area are indicated in schematics 2 to 4. 

Thf3 implantation of floats as trm markers praved only partially successful. 

Floats marking the Hollhg~, as -11 

had been dislodged aft= one mth. The Hollinga tr- w a ~  =-marked 

the P m  # 1 Ty3Tth-south trans-t, 

closely as possible as the original transect. The P m  # 1 mrth-south tran- 

sect was abandoaaed, as the &-west transect markmgs were in place after the 

first mnth. The water depth was measured a t  the transect points on each exami- 

nation Over the seascgl. 

3.2 Chara Description 

The C3mx-a papulations wez-e exarmnsd ' in detail on May 16, June 25 and October 8, 

1986. Individual shoots of C h r a  w e r e  examined a t  each pint of the transects 

in each pond. Differentiation, f m  the new shoots, of the portion of chars 

w h i c h  had overwintered fm the prior season, was attempted to quantify -the 

lengths and number of whorls of new bicmass. The mr@mlogy of the shoot bases 

of mars was detenTur& ' a t  each transect point, and the ppulation growth form 

remrded as tufted or mtinurxls. Reproductive structure, presence and maturity 

were recorded as w e l l .  Epiphytic algal species presence and developnent was 

also recorded. 
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3.3 Chars Bianass and R e g r m t h  

Standing bicmass was determined three times th.mughout the c J m w i q  season. 

chars w a s  raked from one to three 0.15 m areas, and the day we igh ts  calculated 

as grams per square mter (g/m ). Increases in bianass per unit area indicates 

2 

2 

bianass produdicn over the season. 

During the first examination, a zone of Chara w a s  renvJved and the perimeter 
2 staked for examination of regrawth. In the area of dense Chara grawth, one 1 m 

w a s  cleared frcm plants as tbmughly as possible. The Chars seed source, 

c~spores, could not be eliminated without ccmplete excavation of the top 10 an 

of sediment. In addition, sane shoot bases and rhizoids (both capable of 

I q r o w t h )  were & probably remaining in the sediment after clearance. 

3.4 Chara: Ecotype Transplants 

Large  differences in the type of Chara pcpulations w e r e  evident between 

Panwxur/Hollinger and Langmuir/Schumacher. Three e.xperiments w e r e  implemented in 

an attempt to differentiate whether the resultant populatim m i g h t  be related to 

the plant ecotype or the conditions of the tailings ponds. Three approaches 

w e r e  chosen: 

(1) transplant chars fran each of the sites to a c a m o n  site (Schu- 

macher) where  large bianass production was evident; 

(2)  transplant chars frcm a site w i t h  laqe bianass to each of the 

other l o w e r  bianass producing tailings ponds; and 
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(3)  determine annual bianass production w i t h i n  the Chara populations 

of each pond. 

3.5 Transplantmethod: 

Living bianass was  inserted into 20 an by 50 cm w i r e  racks covered with nylon 

mesh (spaces 1 a n  in diameter). area in the schumacher dam T1 population 

w a s  cleared of chars bianass. Three racks of chars frun each of the three 

tailings operations and the schumacher control w e r e  weighted with stcoles to the 

cleared sediment surface. In early October (105 days), racks w e r e  carefully 

recovered from the clearance zones and a l l  Cbra shoots emergent f r a n  the rack 

netting cut w i t h  scissors and rinsed in pond w a t e r .  The bianass w a s  oven dried 

and weighed. The same method of transplanting w a s  used for transfer of Schu- 

2 A 4 m 

macher plants to the other three tailings pcnck. 

The bianass production w i t h i n  the same pond, in the same t i m e  period, was 

examined using empty racks weighted with stcases laid 0ve.r a region of undis- 

turbed Chara adjacent to the clearance plots in the respective ponds. A f t e r  105 

days (early October), emeryent shoots w h i c h  had pmetrated the netting w e r e  

remxTed and rinsed in pond water. The bianass w a s  also oven dried and weighed. 

3.6 Chara Ecotypes Grown in the Laboratory 

Sediment w a s  collected frun the lxo Schmcher populations (Dam T1 and McIntyre) 

and the Pamcxlr # 2 tailings ponds, as w e l l  as fran a m-ta i l ings  "cantrol" 

Chara pond in the Guelph vicinity. Sediment w a s  frozen until culture set up a t  

room temperature of BOC. 
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sediment was placed in the 2.5 L clear plastic j a r s  and 2 liters of 5oom of 

tap water was added. The schumacher sediments and the m b m l  sediment were 

3 

anaexobic upon collection. These sediments usually produce anaexobic water 

columns. Therefore, all cultures were aerated for the first 2 weeks. 

3.7 Chara: Elemental Ccmpos ition 

Cbara bianass w a s  collected on June 25 for deternuna ' tim of the elemental 

canposition. chars shoots were carefully uprooted so as not to contaminate the 

shoots w i t h  sediment. Using scissors, the top ten an of the shoots w e r e  

clipped. The shoots were not rinsed so that particulates adheriq to the cell 

surface were preserved. The bianass w a s  oven dried and the entire sarnple was 

pulverized w i t h  a Whiley mill. 

3.8 Water: Elemental Ccmpos ition 

Water samples  were collected from the ponds on May 16, June 25, September 9 and 

October 10, 1986. Samples were acidified upm collection, stored at 4-lOoC, and 

analyzed by ICP within 7 days. 

During the September 9 collection, 4 samples from each pnd were  prepared: (1) 

unfiltered, unacidified; (2) filtered, unacidified; ( 3 )  unfiltered, acidified; 

and ( 4 )  filtered, acidified. A ccmparison of the elemental ampositions m l d  

thereby indicate the proportion of elemental concentration dissolved and sus- 

pended (filtration) and provide s a w  indication of the effects of filtration of 

0.45 um filtering methods. 
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3.9 S e d i m e n t s :  Elemental Ccmpos i t ion 

W i t h  the exception of Langmuir, where tailings were collected a t  the water line, 

tailings w h i c h  form the sediments belaw the a-Lara Papulatims were dredged with 

a shovel i n  all sites. Sediment w a s  dried and knqenized w i t h  a hand nu>rtar. 

3.10 Analytical metholls 

All samples were analyzed by IB (Inductively Coupled Plasma Spectrophotometry) 

by Assayers Ontario L t d .  Sediments and -a samples were w e t  oxidized w i t h  

Concentrated nitric and percNoric acid. LOI (Loss on ignition) was determined 

a t  1000~~. 

4.0 RESULTS AND DISCUSSION 

Parrour Inc. granted permission to investigate all operating arld inactive tail- 

ings areas. Chara species had colonized waters on a- tailings areas and 

extensive populations were associated w i t h  operating tailings dams. It is evi- 

dent, therefor&, that colonization of barren tailings material takes place M ~ U -  

rally i n  the drainage basins of operating tailings darns and not only i n  inactive 

tailings areas. Lakes in the T i m ~ ~ i n s  area, e.g. N i g h t h a w k  Lake, also suppork. 

Chara species. 
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4.1 Physical characteristics of the transects in the pnds: 

Given th is wide occurre~=e of populations in the Timnins area, it should 

have been possible to find study locatims for the placing of transects for 

growth observations and experiments in a physically canparable setting. I-Im- 

ever, considerable effort had to be expemkd in locating transects with similar 

physical characteristics, and accessibility was the overriding factor in deter- 

minirag transect locations. 

The water bodies on the perched tailings areas (Hollinger and Pamour) are shal- 

law even upon spring melt. The water level decreased with evaporation over the 

growth seasan, further reducing the ponded area. In a laqe fraction of the 

m, wave action reaches the bottan, disturbing and redistributing the tail- 

ings. This was apparent frun on site qualitative 0bsenmtion.s and inconsistent 

w a t e r  depths, w h i c h  were measured aloq marked points of the transects. The 

transect across the Panwxlr site was the mst shallow water jnves-b ‘gated, with an 

average water depth c ~ e r  the season of 25 an. The transect in the Hollinger 

East pmd was about three times deeper (about 1 m). A ccmparative water depth 

of the transect in Langmuir could not be obtained as the transect had to be set 

up in the areas accessible for the experimental plots. This did not mer a 

cross-section of the pmd, as was the case for Pamxlr and Hollinger. Only the 

transect on the Langmuir site shcrwed consistent decreased in water depth over 

the season, as expected along a shallow beach. 
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4.2 chara morphology and biomass

Two species associated with tailings,chara vulgaris and C. globularis,

associated with tailings, could be identified, distinct from C. browneii which

is only found in non-tailings water bodies. The two species dominating the

tailings water differed in appearance and growth form, exhibiting, for example,

prolific growth in the abandoned nickel tailings from the Langmuir operation

(Plate 2), compared to the Hollinger site with short and dense growth (Plate 3).

Plate 2: chara growth form in the Langmuir tailings area.



Plate 3: Chara growth form in the Hollinger tailings.

As these differences in growth form are very distinct, it is clear that perfor-

mance of the algae as a biological polishing agent for waste waters would sig-

nificantly differ, being more effective with denser populations. Observations

on the growth of these two differing populations would yield important informa-

tion about those factors which control the size of these plants.

Several characteristics determine the growth form of a Chara population. Total

shoot length is the product of the number and lengths of internodes. The total

shoot length measured at any time during the growth season depends on the number

of internodes produced in the growth season to date, plus the length of the

shoot remaining from the prior year, minus the decay of the prior year's lower

internodes.
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On the other hand, plant density is related to the number of shoots surviving 

from the prior year. S e v e r a l  cunpomnts of the plant contribute to the popula- 

tion density. The number of nodes on the surviving shoots anchored by rhizoids 

to the substrate and producing new shoots; the nuriber of new plants established 

from oospores, and the number of shoots originating fran the base of the old 

plants. A detailed assessnent of the plant morpblogy, separating new and old 

shoots, as well as growth fran oospores, vmuld provide good insight into the 

growth dynamics of the papulations. 

4.2.1 Detailed observations m plant growth 

For each tailings site, the characteristics of the plants were described in May, 

June and October, 1986. Chara papulations were studied at each point along the 

transects of all sites, as well as at several other locations w i t h i n  the ponds. 

Over the growth season, the morphology of shoots at each site remined ranark- 

ably distinct. 

PAMXJR: After May, shoots of Chara g n ~ i n g  in the P m u r  # 2 pmd did mt 

significantly increase in length over the growth season. Hmever, the biomass 

per unit area and percent surface cwer per unit area jnaeasd at m t  transect 

points between sampling times. The maximum biomass of 203 g per m was  recorded 

in October. This suggests that rapid shoot growth of plants occurs early in the 

spring, followed by an increase in the number of shoots over the remauzde * r of 

the gru&h season. Several shoots of limited length developed f m  these plants 

over the season. As a l l  shoots originated in multiples frcm a mnmn base, this 

plant morphology is termed 'tufted'. 

2 



- 25 - 

'I'm types of plants were identified in the Pamour tailings pond. Early in the 

season, plants w i t h  m - p h ~ t h e t i c ,  bulbous perennial bases produced sev- 

eral shoots w h i c h  reached maximum lengths of less than 14 cm. It appears that 

these bulbous bases developed in and SuIvived fran the prior year(s). These 

bulbous bases may be storage organs. Erame ( 1977) investigated cell morphology 

of field populations of chars vulgaris and described 'bulbils' as rhizoid node 

expansions storing lipids and -ateS. Only in the Pamour population were 

those structures obsezved. 

All chara shots had developd imna tum cnspores by late June. In early 

October,  ripe oospoms w e r e  being released by the plants. Later in the season, 

new plants developed fran 0ospre.s at the Pamour site. 

H0Lt I"ER:  In May, 75 to 100% of the sediment surface of the central region of 

the Hollinger pond was populated w i t h  the prior year's and Current spring's 

g r m t h  of chara. Water depth at that time across the transect ranged fran 0.65 

to 1.1 m. A 25 m wide band circumscribing the pond w a s  shallow and wave swept, 

conditions detrimental to rooted vegetation. Be- the barre.n perimeter and 

the densely populated cenize, Chara was sparsely distributed. 

In the dense central region, the prior year's shoots w e r e  60 to 130 mn long, 

frun w h i c h  new shoots 20 to 40 mn long had g r a m .  In addition, new shoots frcm 

the original plant bases were developing. Shoots emerged only a short distance 

into the water column. 
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Fra June onwards, m shoots could rn longer be differentiated frun old shoots. 

October measurements Of maximum ShDOt length  ere m y  5 ~m to 8 ~ m ,  not ~ p r e -  

senting any net grawth mmr the season. Based on bicmass measuremmts, net 

bianass incmase was observed i n  only t m  1ocaticn.s of the transect. The maxi-  

narm bianass recorded w a s  760 g per m 2 in Oct&er. 

Estimates of C b r a  mvwage of the sediment surface indicated that although at 

one point in the transect coverage haeased , chars coverage did not increase a t  

other points. Only i n  me location did the coverage remain a t  100% wer the 

entire examination period. In the shallm perimeter ,  a very sparse cover of 

chara, w i t h  1 to 3 an long shoots had grown frcm oosprs  by the end of the 

growing season. Given their absence in the spring at these shal low sections of 

the transect, these plants w i l l  probably not suxvive the cuning winter. 

The maximum length of the plants did not change over the growth season. G r m t h  

appeared to be an initial shoot production in spring by the prior year's plants, 

with a COMurrent grawth of a skot f r a  the bases of these plants, thereby 

main- biomass and mvwage density. Over the sumner, the prior year's 

grmhh appeared to disintegra-, as the final lengths of the shoots in the fall 

were less than in the spring. Hollinger plant mrphology will be termed canti- 

nuous, as the prior and current years' plants were not isolated plants w i t h  mul-  

tiple shoots originating frun a com~)n base. 

Oospore production was observed on & plants during June. 

ber, ripe oospores w e r e  being released fmn the plants. 

During early Octo- 
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w: The distribution of Chra in the Langmuir tailiqs area was 

extensive, but extremely difficult to quantify w i t h  the Eclanan grab. The grab 

does produce fragments of chars when lowered to the bottan of the pnd, but 

invariably the grab mtained branches of sutmeqed trees. It was not possible, 

therefore, w i t h i n  the framemrk of this project, to quantify the extent of the 

chara colonization of this pond. A large population, which was accessible for 

observation and experimentation, was located parallel to the tailings beach, 

with a water depth of 0.2 to 1.7 m. 

The plants appeared to survive well through the winter, as numerous old shoots 

w e r e  vigorous and growing  in May. Although the water dept3-s at several loca- 

tions along the L a n g m i r  transect are similar to depths in the Hollinger and 

Panrxlr ponds, chars shoots in Langmuir were much longer (670 mn, ccmpared to 170 

mn and 135 mn) than in the Hollinger and Pamaur ponds, respectively. chara 

coverage at 3 locations was mnsistently 80 to 100% over the growth season. 

at these three pints from 92, 242 and 210 Hawever, biaassperm increased 2 .  

'vely, to 340, 326 and 2456 g/m2, between May and October. 2 
g/m I 

Hollinger and Panrxlr Chra shoots were short and erect, whereas the shoots at 

Langmuir were prostrate and tangled. Here, the mtribution to b i m s  of lat- 

eral slmots was significant. 

1x1 May, Chara was absent in the shallw water adjacent to the beach (0 to 200 mn 

deep). Hmever, by October, short chars plants originating frun mspores 

mered 30% of the most shallow water area of the transect. The developnent of 

oospres was rem&ed during the late June examination. However, oospore matu- 

ration and release had been ccmpleted by early October. 
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4.2.2 Overall seasonal muulation characteristics 

The growth characteristics of the C%ra populations along the transects observed 

over the grcwing season in 1986, are clearly different frun site to site, as 

described in the previous section. In Table 2, some parameters have been sumna- 

rized by weighting the data, i.e. leaving out extremely high or low values. The 

deeper pnds, Langrrmir and Hollinger, produce about the same quantities of bian- 

ass and a similar average cover, although the shoot length is different, This 

does suggest that the populations, although very different in mrpblogy, can 

produce similar quantities of bicmass. As a biological polishing agent, bianass 

production per unit  area is an important fador. Clearly, papulations such as 

Pannur, where the average cover is low and the bianass is considerably less, 

muld be less effective in providing polishing capacity for waste waters. 

________________________________________--------------------  ________________________________________--------- - - - - - - - - - - -  
AVERAGED SITE DATA 

HOLLINGER: 7 observations, no Chara cover dropped 
LANGMUIR: 1 high biomass (2.4 kg) and 8 observations, no Chara cover dropped 

PAMOUR : 12 observations, no Chara cover dropped 

Table 2: Weighted averages of bianass and percent covv with depth. 
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Water depth, a parameter w h i c h  can be considered important from both an ecologi- 

cal and physical point of view in determining the extent and the growth form of 

the Chara population, did rot appear to be significant when the average water 

depths are cansidered. The water depth variations in Hollinger and Langmuir are 

large, but both ponds on the average produced similar quantities of bianass and 

cover. This emphasizes the importance of the different growth mdes of Chara, 

i.e. tufted, -tin- (Hollinger and Largmuir,  respectively), and the ability 

to regenerate frcm new shmts and ocspores (Pammrr site). 

Water depth hcrwever, appears to be sanewhat related to shoot length. Correla- 

tions for observation pairs collected throughout the entire season w e r e  plotted 

for all sites in Figure la. A slight trend is noticeable, suggesting longer 

shoots at greater water depth. This trend is also indicated within the sites 

for Langmuir and Hollinger (Figures lb and lc). The papulatims w h i c h  generally 

regenerate frcm broken mdes and oospores in the shall- pond in Panusrur, ro 

relationship to water depth. This is expected, as the wave action thxoughout 

the entire period is most severe in this site. 



f i  
f z 
I 
I- 
0 z 

U 

Y 

600 - 

h 

I 
I 
v 

500 - 

400 - 

300 - 

200 - 

1CC. - 

., 

L 

L 

L 

L L U 

H 
H 

rl 

0+--rl-----l---r I I I I v W 1 7 - - 7 - T - -  

0 0.2 0.4 
(Thousands) 

DEPTH (MM) 

700 

600 

500 

400 

500 

200 

100 

c 

Fig. 1B: LANGMUIR 
DEPTH VS. SHOOT LENGTH 

-__I__ 

L 

L 

L 

1 

L L  

0 c.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 
(Thousands) 

DEPTH (MtA) 



- 31 - 

180 

170 - 
160 - 
150 - 
140 - 
130 - 
120 - 
110 - 
ioa  - 

a0 - 
a0 - 

70 - 
. 60 - 

50 - 

h 

I 
I 

I 
v 

t- 

r? - 
?! 

H 

H 

H H 

H 

20 

'O 0 L,-- - 1 - - - 7 - 1 - - - -  I----- 

3@ 4 
0.5 0.7 0.3 

(Thousands) 
DEPTH (MM) 

1.1 

Fig. ID: PAMOUR 
OEFTH VS. S H m T  LENGTH 

130 

P 

P 

P 

P 

F 

0 205 4 00 

DEPTh ( ) A M )  

600 903 



- 32 - 

Differences in population gxuwth characterktics are evident between the aban- 

doned tailings ponds colonized by chara. The diffe3xnces are however, not only 

due to physical differences of the site ale. Enxn the experiments carried cut 

during the study, which are presented in the following section, some further 

factors determining population characteristics will be apparent. 

4.3 Chra reinvasion, annual gruwth and emtype transfer 

The bianass values discussed in the prariouS section (Table 2) represent stand- 

ing crop, typical for the - tailings sites. Therefore, this value is 

m t  indicative of the annual bianass prcduction, as standing crop could have 

been accumulated over several years. Given the different possibility of C h r a  

growth, it is essential to gain scme value for annual bianass produdion and an 

indication of the regeneration potential of the populatian. 

Along the transect in areas w i t h  q l e t e  chars coverage, the algal standing 

crop was cleared frun four meter squares. In additim, overlays, consisting of 

mesh spread over a frame, - placed over existing Chara cover. 

As chars grew in the ZOIE~ prior to the clearance and the placement of the 

overlay, the physical conditions in this locat-im are m t  altered for the rei- 

nstalment of the populations. This means that light, water depth and 

water/sediment quality w h i c h  supported C b r a  remain the same. Furthemre, 

regeneration material of the algae (oospores and fragments of Chara plants) are 
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available from the - clearance Zale. The failure of chars to regrow 

in the cleared zone muld be indicative of the importance of sediment charac- 

teristics maintained by the grawing Chara populations, and emphasize the 

importance of conditions necessary for the establishment of the popvlations. AI-I 

additional site, the schurnacher dam population, was included in this set of 

experimmts, as the water characteristics differed significantly frcm the other 

three ponds, and growth of chars was extensive. In Table 3, the results fm 

these experiments are sumnarized. 

Parameter Surrounding 
Population 
Standing 
Biomass 
g/m2 (N) ...................... 

SCHUMACHER NR 
HOLLINGER 760 (1) 
LANGMUIR 326 (1) 
PAMOUR NR 

Surrounding 
Population 

Cleared Surrounding 
Zone Population 

Overlay 
Biomass 

% Cover g/m2 (NI 

100 310 (3) 
0 0 (3) 
25 418 ( 3 )  
20 0 (3) 

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

AU ~hara  cover was reroved fran a 4 m2 area and overlays placed 
over existing dense populations. chars bianass regrawn in the 
clearance zone and penetrating the empty racks w a s  harvested at the 
end of the growing SeaSQn. 

Table 3: Chara grawth and reinvasion 
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No regrawth of the cleared zones occurred in the Hollinger pond and rn growth 

occurred in the averlay. For the Pamour site, the same results were obtained 

for the overlays, but sane regrowth of the cleared zone was noted. This sug- 

gests that both these Populatiom do not grow and h a e a s e  annually. These pop- 

u1atia-s simply maintain growth, as could be anticipated frun the morphological 

observations of grawth form for both sites. Ch the other hand, the dense popu- 

lations i n  Langmuir and a t  the foot of the Schumacher dams g o d  regrowth 

and extensive growth in the overlays. T h e  cleared zone of the Schumacher con- 

trol pmd was approximately 1 m deep. The standing crop was in the same order 

of magnitude as the most dense areas of the Langmuir population (<loo0 g/m ). 2 

A f t e r  4 mths, Chara had repopulated 100% of the sediment surface of the 

Schumacher clearance mne, represmting sanewhat less than one quarter of the 

annual bicmass produoed (74 g/m canpared to 418 g/m ) a t  the same site. This 2 2 

clearly suggests that annual bianass production is considerably improves in the  

presence of previouS years' grcwth. H a e v e r ,  cuily 25% of the Langmuir cleared 

z~nes had been r e w a t e d  by chara. The Hollinger clearance zone remained 

entirely bare over the same gruwth period. 

In sumnary, the results f m  the clearance u3ne and the overlays indicate that 

the same growth characteristics prevail as described by the mrpholcgical obser- 

vations. Hollinger populations are "ticking over" and the Parnxlr populations 

are continually regrowing, barely establishing a standing bianass. The Langmuir 

and Schumacher populations, on the other hand, clearly s k w  a net biomass 

increase over the grawing season. 
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Another in- ' and important aspect is revealed from the clearance exper- 

iments. Nutrients may be tightly cycled w i t h i n  chars and the sediment imnedi- 

ately beneath it. It is therefore important, in order to establish C3ar-a 

Fopvlatians as biological polishing agents, to obtain a significantly dense pop- 

ulation before waste water can be -treated. 

Distinct lnnphologies and growth dynamics were observed in each population over 

the growth seascgl. Hawever, clearance mne and overlay experiments did not dif- 

ferentiate the enviromental factors influencing the growth of the populations 

fran the expression of potential genetic variation between populations (em- 

types) .  A transplant experiment, excharging living bianass between populations 

and measuring the net bianass production, w a s  carried out to detennine the rela- 

tive roles of the enviJmnment ccmpared to potential ecotypic differences in the 

populations at the four sites. If similar quantities of bianass are produced in 

all sites and the plant mrpholcgy is not maintained in the transfer site, this 

a d  suggest that ecotypic differences between polxilations are not present, but 

rather that the mrplmlogies and bianass production of all papulations investi - 

gat& are cantrolled by physical/chemical awimrmental factors. 

In Table 4, the results of the ecotype transfer experiment are presented where 

Chara was transplanted from me site to the other. The results quite clearly 

indicate that grwth is generally good in L-r and Schurnacher, poor in 

P m  and m-existent in Hollinger. The bianass produced at the Schumacher 

site f m  all algae transferred is remarkable. unfortunately, the entire data 
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set is not cunplete, due to difficulties encountered in relocating the trans- 

ferred racks (loss of floats) or other logistical problems (slcrwstorms). Haw- 

ever, the data give sufficient indication that growth is clearly controlled by 

erwironmental factors and is not related to emtypes. 

NOTE* : LANGMUIR Chara transplanted to the SCHUMACHER Pond was dragged to the shore 

(Moose?) prior to the 7/9/86 examination. The growth period was therefore less 

than 73 days. The plants were dry but intact, thus, biomass could be 

determined. All other growth periods were 105 days. 

N.D. **:  Transplant not performed 

Table 4: Chara eco- transfer experiments 

Chara net bianass and the plant mrpblogies were ccmparable between all 

transplanted populations. This stzongly suggests that indeed the w a t e r  &/or 

sediment chemistry of the schumacher site stimulated the growth of cbara from 

all papulations. 

One important asped w h i c h  is relevant to the establistmnent of chara pplations 

as biological polishing agents arises fran this transfer experiment. In the 

populations from the four locations, there appears to be a different stared 

growth potential. The plants f m  the Langmuir populations had lower standing 

biomass than the S c h u m a e ,  but far greater than the Panrxrr population. Haw- 
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ever, chars transplanted frun the Schumacher population produced a higher net 

bianass than either of the endemic ppulations. This Suggests that the stored 

potential for grmth of Schmacher C2mx-a was superior to that of the Langmuir 

and Pamour chara. The conditions at the Pamour site did not impede Schumacher 

growth, as was the case when Schumacher algae were transplanted to Hollinger. 

This muld suggest that the source population of chars selected for intrduction 

into a waste management area should have a good growth potential. This observa- 

tion is in accordance with tbse made frcm transfer experiments of chars fran 

different sources to active waste managment areas. Survival and overwintering 

ability was significantly i m p W  when populations frun the Schumache.r site 

were ccmpared to other chars sources transplanted into the same waste water. 

The obsezvations on growth, regrawth and m>rpholcgy of the chars populations in 

the different tailings areas indicate that it is likely that the -t, 

together with the standing algal bianass, are important factors controlling the 

populatim characteristics, along w i t h  physical/chemical conditions of the 

sites. It follaws then that the chemical characteristics of water sdilnent and 

the plant populatians be irrvest;l 'gated. 

4.4 Elemental c a p s  itim of Water, sedimentand- 

To address those chemical factors w h i c h  could be related to growth of the algae 

in the tailings areas, a sumnary of concentrations of essential elements for 

growth is given in Table 5 for water. The water has been sampled four times 

throughout the grmth seasan for the ponds where transects have been estab- 

lished, and t m  or three times for the Schumacher d a m  papulations. 



HOLL INGER 
16/05 18 
25/06 18 
7/09 - 
8/10 8 

16/05 1 5  
25/06 18 
7/09 - 
8 /10 8 

16/05 23 
25/06 19 
7/09 11 
8/10 8 

LANGMUIR 

PAMOUR 

SCHUMACHER: 
DAM T1 

16/05 - 
25/06 18 
7/09 9 
8/10 - 

16/05 - 
25/06 8 
7/09 20 
8/10 - 

DAM MCINTYRE 

7.5 180 
8.5 200 

8.2 235 

6.5 280 
8.3 350 

8.2 280 

8.0 230 
8.6 240 
8.0 200 
8.2 270 

- - 

- - 

- - 
7.9 2100 
7.5 1700 - - 

- - 
7.0 1400 
7.8 2200 
- - 

33 <0.005 
33 5.2 
27 <1.0 
34 1.3 

48 <0.005 
50 6.2 
58 2.0 
50 1.7 

37 0.6 
35 10.4 
29 4.0 
35 4.8 

- - 
442 20.1 
404 19.0 
448 54.0 

- - 
544 20.5 
572 23.0 

10 0.03 
13  0.01 
17  <0.005 
15 (0.01 

24 0.01 
27 0.02 
29 0.02 
28 0.01 

10 0.01 
15 0.02 
13 0.01 
15 <0.01 

- - 
84 0.09 
72 0.12 
82 0.06 

- - 
116  2.4 
133 5.7 
- - 

0.8 (0.005 
1.4 0 .4  
1.9 0.1 
1.3 <0.01 

5.3 (0.005 
6.2 0.2 
6.2 0.1 
6.1 <0.01 

1.5 (0.005 
2.7 0.4 
3.3 0.09 
2.6 0.05 

- - 
80 0.2 
78 <0.01 
89 <0.01 

- - 
98 0.2 

125 0.3 

Table 5: Cc9lcentratims of Ca, K, Mn, Na, P and S in the water. 

The concen-trations of K, Na and P increase in all ponds in June, ccmpared to the 

concentrations determined in May, followed by a decrease to the original range 

by autumn. The elements Ca, M g  and Mn do m t  change significantly over the sea- 

son. Between the water characteristics of Holliqer, Langmuir and Panour, based 

on the concentrations of these elements, m significant differences exist which 

can be related to graJth characteristics of the chara ppulatim. However, 

drastic differences in concentration of all the elements are evident in the 

waters fran the Schumacher dams (Dam T1 and McIntyre). With the exception of 
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the phosphorus concmtratims, all other elements are higher, particularly cal- 

cium and sulphur. These populatims however, were growing vexy well, as w e r e  

the algae in Langmur  . Thus, water chemistry, based on these elemental mcen- 

trations is m t  a growth mtxolling factor. The higher electrical conductivi- 

ties and the somewhat lawer pH values in the schumacher dam waters may be 

reflected in diffelxnces of the sediment characteristics. 

In Table 6, the concentrations of the same elements for the sediments from the 5 

locations are sumnarized. For each location, only me sediment (tailings) 

sample has been analyzed, and as such, gmeral statements abut site differences 

are inappropriate and only sample differences can be considered. The Cca?Centra- 

tians in the sediment in the sample fran Schmcher  are quite similar to t b s e  

of the Langmuir site. A t  the Langmuir site, coarse (*  in Table 6), and fine 

tailings have been analyzed separately. There is sane indication that the fine 

tailings more closely resemble the concentrations of Hollinger and Pamcxlr. ~n 

sumnary, based on the analysis of these limited number of samples, it cannot be 

said that the elemental carpsitions of the sediments affect Chara growth. 
____________________--------------------------------------------------------- ________________________________________-------------------------------------  

SITE p H  COND DEPTH CA MG NA MN P K s LOI 
umhos (M) I------------------- mg/kg---------------- I %  

____________________------------------------------------------------------- 

HOLLINGER 7 320 0.5 21000 152000 5000 1000 300 1000 6000 14 

LANGMUIR 7.2 380 -0.2 18000 9000 17000 500 700 15000 ZOO0 21 
"7.5 600 -0.2 52000 19000 8000 1000 500 15000 18000 11 

PAMOUR 7.4 275 0.2 9291 1809 12612 155 436 12453 89100 11 

SCHUMACHER: 
DAM T1 - - 1.0 31447 15681 20773 465 436 20755 2000 7 

DAM MCINTYRE - .  - 0.2 57176 24727 14838 775 436 18264 23000 28 
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Given that water concentrations for some essential elements i n  the sediment 

samples differed between the sites, it could be expected that these diffennces 

m l d  be evident in the plants themselves. Hawever, the elements contained in 

the Chara plants exhibit similar concentration ranges between the sites 

(Table 7). The consistent mncentration of elements determined in the plants 

indicates that the concentration ranges in the water and in the sediment are not 

affecting the gruwm of the plants. 

Table 7: Concentratims of Ca, 5, Na, Mn, P. K and S in the (xlara plants. 

In a continubq search for possible chemical effects an the growth form of the 

algae, an assesgnent of metals might be appropriate. In Table 8, the concenka- 

tions of A l ,  As, Ba, Cu, Fe, N i ,  Pb, S e ,  Sr, V and Zn are sumnarized. The con- 

centrations gmerally increase i n  July, as w a s  the case for the other elements 
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