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News

Environmental Science Award for Chris Wood
It is a matter of immense pride to all of us in the Wood lab and the metals bioavailability group at large, that in June this year, Chris was awarded the prestigious Miroslaw Romanowski Medal by the Royal Society of Canada (RSC) for his significant contributions to the resolution of environmental problems. In the award citation, the RSC recognized Chris as an outstanding scientist who has made substantial contributions to the proper stewardship of our environment. The citation states that among his many research interests, he has contributed specifically to the areas of acidic deposition effects on fish, metal bioavailability, physiological mechanisms of metal toxicity in aquatic organisms, extreme acid tolerance of fish from the Amazon and Rio Negro Rivers in Brazil, physiological adaptations to extreme alkalinity by the Lake Magadi tilapia in Kenya and effects of increasing salinity on fish in Lake Quinghai, China. One of his more significant contributions is that he has been one of the driving forces in the development of the Biotic Ligand Model for understanding the mechanisms of metal toxicity in aquatic ecosystems. This model allows for an understanding of the impacts of metals on animals but more importantly, gives accurate predictions of toxicity that can be used by regulators to set proper science-based guidelines for industry. This model of metal-gill interactions has now gained acceptance by many regulatory bodies 
including the US EPA while environmental regulatory bodies in Canada, New Zealand, Australia the EU and elsewhere are also in the process of adopting it for environmental regulation of metals. His recent work on the role of natural organic matter in predicting toxicity of metals will have far reaching effects on the regulatory industry. His research areas impact our understanding of nutrition, aquaculture, behaviour and the influence of water quality. Chris and his lab seem to be at the forefront of the science, pushing new ideas for regulation guided by sound scientific principles.
The Miroslaw Romanowski Medal was established in 1994, at the generous bequest of the estate of internationally renowned metrologist Miroslaw Romanowski. The medal is awarded for significant contributions to the resolution of environmental problems or for important improvements to the quality of an ecosystem in all aspects-terrestrial, atmospheric and aqueous-brought by scientific means. A  Bronze medal and a cash amount of $3,000 are awarded every year if there is a suitable candidate. An annual lecture series for the award recipient is also associated to the medal.

With this award Chris is placed in the august company of previous recipients –
D. Schindler -1994;               P. Legendre - 1995;    
J. Cherry & R. Gillham -1996;

M. Maldague – 1997;            T.Hutchinson-1998;   
H.Krouse & J.Nriagu-1999;   D. Lean - 2000;        
J.  Small – 2001;                     K. Kennedy- 2002;  
P.  Dillon – 2003;                   D. Muir - 2004;        
R. Macdonald – 2005;            R. Peltier - 2006;      
Rick Playle: Special Issue 

In a fitting tribute to the memory of Rick Playle’s contributions to science a special issue of Aquatic Toxicology has gone to press at Elsevier. This issue comprises 19 MS which are contributions from a symposium entitled “A Tribute to Rick Playle: The Interface of Toxicology, Physiology, and Modeling in Improving Water Quality Regulations for Metals” held at the 27th Annual Meeting of the Society of Environmental Toxicology and Chemistry (SETAC) in Montreal, Quebec, Canada. Guest Editors for the issue are Chris Wood and Joe Gorsuch, Rick’s former project manager at Eastman Kodak.
Physiology & Toxicology Symposium
The International Copper Association and the journal Comparative Biochemistry and Physiology along with a few organizations from China have collectively sponsored an International symposium with the theme “Diversity in a Changing Environment”. The objective is to provide a comparative approach to understand physiological, biochemical and toxicological aspects of animal life in a diverse and changing environment. The symposium will be held at Zhejiang University, Hangzhou, China from October 9th-13th, 2007. Chris Wood will be delivering the plenary lecture in the environmental toxicology symposium there.
Travel
At the Bamfield Marine Sciences Centre on Vancouver Island, B.C. this summer, a research team comprising Carol Bucking, John Fitzpatrick, Sunita Nadella and Chris Wood extended the studies on Mytilus trossolus to incorporate the effects of dissolved organic matter (DOM) on Cu toxicity to the early life stages of these bivalves. Preliminary data recognize DOM obtained from natural sources to be a protective factor against Cu toxicity. 

Conference presentations

· The following paper will be presented as a plenary lecture by the Metals Bioavailability Group at the International Symposium on “Diversity in a Changing Environment”, Zhejiang University, Hangzhou, China, October 9-13, 2007
· Wood, C.M. (2007).The Biotic Ligand Model: Using Physiology, Geochemistry, and Modeling to Predict Metal Toxicity. International Symposium on Comparative Environment Physiology, Biochemistry and Toxicology, October 9th -13th , 2007 Zhejiang University, Hangzhou, China, 
· The following papers will be presented by the Metals Bioavailability Group at the SEB Symposium on Essential and Non-essential metal metabolism in aquatic organisms, September 3-5, 2007, King’s College,London, U.K.
· McGeer, J.C., Clifford, M., Kozlova, T. , Mancini A. and Wood C.M. (2007). Using physiology, geochemistry and toxicology to develop prediction models for the impacts of metals in aquatic systems. Plenary Lecture at  the SEB Symposium September 3rd -5th , 2007, King’s College, London, U.K.
· Ng, Ty-T. and Wood, C.M. (2007). Trophic transfer and toxicity of dietary Cd from oligochaetes to rainbow trout. SEB  September 3rd -5th , 2007, King’s College, London, U.K.
· Craig, P.M., Wood, C.M., McClelland, G.B. (2007). Oxidative stress response and gene expression with acute copper exposure in zebrafish. SEB  September 3rd -5th , 2007, King’s College, London, U.K.
· The following papers were presented by the Metals Bioavailability Group at the Annual Meeting of the  Canadian Society of Zoology in Montreal, Canada May 21st – 25th 2007
· Leonard, E.M., Pierce, L.M., Wood, C.M. and O’Donnell, M.J. (2007). How do Chironomus riparius tolerate exposure to high levels of cadmium? 46th Annual Meeting of the CSZ, May 21st – 25th 2007, Montreal, Canada.

· Nadella, S.R., Fitzpatrick, J., Franklin, N., Bucking, C. and Wood, C.M. (2007). Embryo development in blue mussels under metal stress. 46th Annual Meeting of the CSZ, May 21st – 25th 2007, Montreal, Canada.
· Kozlova, T., Wood, C.M. and McGeer, J.C. (2007). Development and validation of a Biotic Ligand Model for Ni toxicity to Daphnia pulex in soft water. 46th Annual Meeting of the CSZ, May 21st – 25th 2007, Montreal, Canada.

· Green, W.W., Mirza, R.S., Wood, C.M. and Pyle, G.G. (2007). Developing a chemosensory-based BLM in fathead minnows (Pimephales promelas) and wild yellow perch (Perca flavescens). 46th Annual Meeting of the CSZ, May 21st – 25th 2007, Montreal, Canada.
· Mirza, R.S., Green, W.W., Wood, C.M. and Pyle, G.G. (2007). Can metal contamination impair recovery of olfaction in fishes? 46th Annual Meeting of the CSZ, May 21st – 25th 2007, Montreal, Canada.

· Birceanu, O., Gillis, P., McGeer, J., Chowdhury, M.J., Wood, C.M. and Wilkie, M.P. (2007). Unexpected interactions between lead and cadmium on rainbow trout (Oncorhyncus mykiss) gills. 46th Annual Meeting of the CSZ, May 21st – 25th 2007, Montreal, Canada.

· Bechard, K.M., Gillis, P. and Wood, C.M. (2007). Cd trophic transfer from the midge larvae (Chironomus riparius) to zebrafish (Danio rerio). 46th Annual Meeting of the CSZ, May 21st – 25th 2007, Montreal, Canada.

· Ng, Ty-T. and Wood, C.M. (2007). Trophic transfer and toxicity of dietary Cd from oligochaetes to rainbow trout. 46th Annual Meeting of the CSZ, May 21st – 25th 2007, Montreal, Canada.

· Klinck, J.S., Green, W.W., Mirza, R.S., Nadella, S.R., Chowdhury, M.J., Wood, C.M. and Pyle, G.G. (2007). Branchial cadmium and copper binding and intestinal cadmium uptake in wild yellow perch (Perca flavescens) from clean and metal contaminated lakes. 46th Annual Meeting of the CSZ, May 21st – 25th 2007, Montreal, Canada

The following peer reviewed papers were published by the Metals Bioavailability Group in 2006-2007
· Ojo, A.A., and Wood, C.M. (2007). In vitro analysis of the bioavailability of six metals via the gastro-intestinal tract of the rainbow trout (Oncorhynchus mykiss). Aquat. Toxicol., 83: 10-23.

· Craig, P.M, Wood, C.M., and McClelland, G.C. (2007). Gill membrane remodeling with softwater acclimation in zebrafish (Danio rerio). Physiol. Genomics, 30:53-60.
· Chowdhury, M. J, and Wood, C.M. (2007) Renal function in the freshwater rainbow trout after dietary cadmium acclimation and waterborne cadmium challenge. Comp. Biochem. Physiol. C., 145: 321-332.

· Wood, C.M., Franklin, N., and Niyogi, S. (2006). The protective role of dietary calcium against cadmium uptake and  toxicity in freshwater fish: an important role for the stomach. Environ. Chem. 3: 389-394.

· Patel, M., Rogers, J. G., Pane, E.F., and Wood, C.M. (2006). Renal responses to  acute lead waterborne exposure in the freshwater rainbow trout (Oncorhynchus mykiss). Aquat. Toxicol. 80, 362-371.
· Nadella, S.R., Grosell, M. and Wood, C.M. (2006). Mechanisms of dietary Cu uptake in freshwater rainbow trout:   evidence for Na-assisted Cu transport and a specific metal carrier in the intestine. J.Comp. Physiol. B. 177: 433-446.

· Pane, E.F., McDonald, M.D., Curry, H.N., Blanchard, J., Wood, C.M. , and Grosell, M.(2006). Hydromineral balance in the marine gulf toadfish (Opsanus beta) exposed to nickel via two routes.  Aquat. Toxicol. 80:70-81.

· Nadella, S.R., Grosell, M. and Wood, C.M. (2006). Physical characterization of high affinity gastrointestinal Cu transport in vitro in freshwater rainbow trout (Oncorhynchus mykiss). J. Comp. Physiol. 176,793-806.

· Alves, L and Wood, C.M. (2006). The chronic effects of dietary lead in freshwater juvenile rainbow trout (Oncorhynchus mykiss) fed elevated calcium diets. Aquat. Toxicol. 78:217-232

· Alves, L., Glover, C.N., and Wood, C.M. (2006). Dietary Pb accumulation in juvenile freshwater  rainbow trout (Oncorhynchus mykiss). Arch. Environ. Contam. Toxicol. 51, 615-625.

· Nichols, J.W., S. Brown, M. Ling, C.M. Wood, P.J. Walsh and R.C. Playle. (2006). Influence of salinity and organic matter on silver accumulation in gulf toadfish (Opsanus beta). Aquat. Toxicol. 78:253-261.

· Nadella, S.R., Bucking, C., Grosell, M., and Wood. C.M. (2006). Gastrointestinal assimilation of Cu during digestion of a single meal in the freshwater rainbow trout (Oncorhynchus mykiss). Comp. Biochem. Physiol. C. 143:394-401.  

· Gillis, P.L. , C.M. Wood, J.F. Ranville, Chow-Fraser, P. (2006) Bioavailability of sediment-associated Cu and Zn to Daphnia magna. Aquatic Toxicol. 77:402-411.

· Niyogi, S. and Wood, C.M. (2006) Interaction between dietary calcium supplementation and chronic waterborne zinc exposure in juvenile rainbow trout, Oncorhynchus mykiss Comp. Biochem.Physiol. C. 143: 78-85.

· Galvez, F., Wong, D. and Wood, C.M. (2006) Cadmium and calcium uptake in mitochondria-rich cell populations from the gills of freshwater rainbow trout. Am. J. Physiol. R. 291:170-176.

· Pane, E.F., Glover,C.N., Patel, M. and Wood, C.M. (2006)Characterization of Ni transport into brush border membrane vesicles (BBMVs) isolated from the kidney of the freshwater rainbow trout (Oncorhynchus mykiss). BBA. Biomembranes 1758: 74-84.

· Pane E.F., Patel, M. and Wood, C.M. (2006) Chronic, sublethal nickel acclimation alters the diffusive properties of renal brush border membrane vesicles (BBMVs) prepared from the freshwater rainbow trout. Comp. Biochem. Physiol. C. 143: 78-85.
· Baldisserotto, B., Chowdhury, M.J. and Wood, C.M. (2006). Intestinal absorption of cadmium and calcium in juvenile rainbow trout fed with calcium and cadmium supplemented diets. J. Fish Biol. 69,658-667.

· Niyogi, S., Kamunde, C.N. and Wood, C.M. (2006) Food selection, growth and physiology in relation to dietary sodium content in rainbow trout (Oncorhynchus mykiss) under chronic waterborne Cu exposure. Aquat. Toxicol. 77: 210-221.

· Kjoss, V.A., Wood, C.M. and McDonald D.G. (2006) Effects of different ligands on the bioaccumulation and subsequent depuration of dietary Cu and Zn in juvenile rainbow trout, Oncorhynchus mykiss. Can J. Fish. Aquat. Sci. 63: 412-422.
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This issue will highlight research conducted by Karen Béchard who is a current M.Sc. student under the supervision of Chris Wood, and Patricia Gillis who was recently a Post-Doctoral Researcher in our laboratory.  Extended versions of this research have been recently submitted for publication in two separate manuscripts.
Acute toxicity of waterborne Cd, Cu, Pb, Ni, and Zn to first instar Chironomus riparius larvae

Béchard KM, Gillis PL and CM Wood

and

The effect of waterborne cadmium exposure on the internal concentrations of cadmium, calcium, and sodium in highly tolerant Chironomus riparius larvae 

Gillis PL, and CM Wood

Introduction
Chironomids have been widely used as study organisms in aquatic toxicology.  In aquatic larval stages, of which there are four instars, chironomids are typical epibenthic organisms, and can be exposed to metals from both sediment (pore water) and the overlying water.  Other studies have clearly demonstrated that the first instar, is the most sensitive to metal toxicants, while the older instars (3rd-4th) are more tolerant (Williams et al., 1986).  However, the mechanism of metal tolerance in chironomids, including that of Cd, has been little studied.  Chironomids have been shown to detoxify accumulated metal through metallothionein-like proteins (Yamarura et al., 1983; Seidman et al. 1986; Gillis et al. 2002) and to excrete large amounts of metal (Timmermans and Walker 1989; Postma et al. 1996). 

Since it is known that water hardness often buffers the effect that metals have on organisms, and that Ca++ may compete with Cd++ for binding sites because of ‘ionic mimicry’ (Bury et al., 2003), it makes sense that when ionic strength and calcium concentrations in the exposure water are increased, that there was a decrease in uptake of Cd in C. riparius larvae (Bervoest et al.,1995).  Yet, there are no data on how chironomids regulate Ca during exposure to high levels of Cd. 


The present studies investigate acute metal (Cd, Cu, Pb, Ni, and Zn) toxicity in first instar larvae of C. riparius in low ionic water.  The resulting (1st instar) LC50s are compared to Water Quality Guidelines.  In addition, acute Cd LC50s were also developed for 3rd-4th instar C. riparius in both low ionic strength water, and moderately-hard water.  The internal Cd, Ca, and Na concentrations of the acutely exposed 3rd-4th instar larvae were subsequently measured.  Whole-body Cd, Ca, and Na were also followed over time (48-72h) in a range of Cd exposures (0.1-865 mg Cd/L).  Understanding what is happening to the ionic balance of Ca and Na in chironomids when exposed to Cd will hopefully give some insight to the mechanism behind its high metal tolerance.    

Results

An assessment of the toxicity of the metals: Cd, Cu, Pb, Ni, and Zn to first instar C. riparius in soft water (8 mg/L CaCO3) was conducted.  The resultant 24h LC50’s for all metals were orders of magnitude above the water quality criteria for the protection of aquatic life (Table I).  Note that 95% CIs could not be estimated for the Cd LC50 due to heterogeneity of the data, while LC50s for Zn and Ni were greater than the highest concentration tested of 25 mg metal/L. As an example, the results from the acute (24 h) toxicity test with Cd (LC50 = 9.38 mg/L) are shown in Figure 1.
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       Table1. Criterion maximum concentrations (CMC) of Cd, Cu, Ni and Zn as determined by the CCME (2006) and the USEPA (1996) compared to first instar C. riparius LC 50s with 95% CI from the present study.
           In comparison, the 48h LC50s for 3rd-4th instar chironomids were 331 mg Cd/L in soft (10 mg CaCO3/L) water, and 1106 mg Cd/L in moderately-hard water (140 mg CaCO3/L).  Whole-body Ca in the control larvae (11.2±0.3µmol/g) was significantly higher than whole-body Ca (2.9±0.4 µmol/g) in larvae exposed to the highest Cd exposure.  Interestingly, there was no significant difference of whole-body Na concentrations between control levels (84.5±3.0 µmol/g) and Cd exposed larvae.

In the time series exposures, Cd accumulation in the higher exposures (865 and 18 mg Cd/L) reached a plateau by 24h, whereas in the lower exposures (0.1 and 1.0 mg/L), accumulation remained linear throughout the 48h exposure (Figure 2a).  In the 1.0, 18, and 865 mg/L Cd exposures, whole-body Ca declined significantly with the onset of Cd exposure, but by 48h, Ca in the 1.0 and 18 mg/L Cd exposures had returned to normal levels.  Internal Ca in the 865 mg/L Cd exposure remained significantly depressed throughout the 48h exposure (Figure   2b).  Whole-body Na in the 865 mg/L Cd exposure were 12-23% lower than control larvae between 6-48h, however, this difference was not significant, and there was no change at the other exposure concentrations (Figure 2c).
Discussion

Acute Cd exposures

The acute Cd exposures for both 1st and 3rd-4th instars verify that chironomids are extremely resistant to metal toxicity.  Even at the most sensitive life stage (1st instar), acute toxicity occurred only at concentrations which were orders of magnitude above the water quality criteria for the protection of aquatic life given by both the CCME and the USEPA for all metals tested:Cd, Cu, Pb, Ni, and Zn.  Therefore we can conclude that chironomids are well protected by the current environmental guidelines.

With values of 331 mg/L and 1106 mg/L for 48h Cd LC50’s of 3rd-4th instar chironomids for soft and hard water respectively, it is clear that Cd toxicity is not greatly affected by water chemistry in C. riparius.   When chironomids are compared to other species, their exceptional metal tolerance is more noticeable.  In fact a species sensitivity distribution for Cd produced by USEPA (2000) illustrated that 4th instar C. riparius larvae were the least sensitive of all the aquatic organisms for which data were compiled.  From the extreme metal tolerance of chironomids it is apparent that they have developed mechanisms that enable them to tolerate these conditions. 

The massive amount of Cd accumulated (up to approximately 6-7 mg Cd/g) suggests that larvae are able to detoxify the metal and store it.  In fact the larvae of many species of chironomids (C.yoshimatsui, Yamarura et al., 1983; C. thummi, Seidman et al.,
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1986; C. riparius, Gillis et al., 2002) have been shown to produce metallothionein-like proteins (MTLP) when exposed to Cd.  The exposure-induced production of MTLP, along with other metal sequestering processes enable chironomid larvae to detoxify accumulated metal; this has been shown to lead to development of metal tolerance (Postma et al., 1995).
The effect of the high level Cd exposures (>100 mg/L) on the concentration of internal Ca was striking.  Larvae exposed to Cd near or above the Cd LC50 (750 to 1750 mg/L) had internal Ca concentrations roughly one quarter those of the control larvae.  
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Figure2. 
Changes is whole-body A)   Cd, B) Ca,  and C) Na in 3rd-4th instar C. riparius larvae for up to 48h in moderately-hard water.  N=3 for 865 and 18mg/L exposures, and N=4 for 1.0  and 0.1mg/L exposures.  All exposures had 4 larvae per replicate. 


The relatively minor effect on whole-body Na coupled with the significant effect on Ca suggest that as in many other aquatic organisms, Cd targets Ca channels in C. riparius larvae. 

In fish, Cd is believed to enter cells though Ca channels (Verbost et al., 1987, 1989). When freshwater fish are exposed to toxic levels of Cd, the influx of Ca becomes impaired, resulting in hypocalcemia and eventually fish death (Hollis et al., 1999; Niyogi and Wood, 2004). In chironomid larvae, Craig et al. (1999) suggested that Cd has a similar uptake route based on pharmacological evidence that Cd may be accumulated through Ca channels in the mid-gut of C. staegeri larvae. The observations of Bervoest et al. (1995) that Cd uptake in C. riparius larvae decreased with an increase in the Ca concentration and salinity of the exposure water also fits with this interpretation. 

Time series cadmium exposures


Overall, the effects of Cd exposure on internal Ca and Na concentrations in the time series exposures were consistent with those seen in the acute exposures.  All Cd exposed larvae experienced a decline in whole-body Ca regardless of the Cd exposure level, and the ability to recover internal Ca balance appears to depend on the concentration of Cd to which the larvae were exposed. Ca levels in the larvae exposed to the highest Cd concentrations, did not recover by the end of the exposures (Figure 2b). However, those larvae exposed to the lower Cd concentrations (0.1 and 1.0 mg Cd/L) in the time series had returned to control levels of Ca by the end of the exposure, despite continued Cd accumulation (Figure 2b). 


In conclusion, these studies have shown that C. riparius can withstand exposure to extreme levels of Cd even in its most sensitive life stage, and we suggest that their ability to endure such exposure may lie, at least in part, in their capacity to restore internal Ca balance during Cd exposure. C. riparius were able to recover to a baseline Ca level from Cd exposures in the high mg/L range and it was not until Cd exposure was well into the hundreds of mg/L, that the internal Ca was lowered to a point where the larvae could no longer recover Ca balance. This, coupled with remarkable capacities for storage-detoxification and excretion of Cd, may explain the exceptional Cd tolerance of C. riparius larvae.
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Figure 1. Percent survival (24 h) of first instar C. riparius larvae at various dissolved water concentrations of Cd.  The dotted line indicates the LC50.  Different symbols indicate a different rep (N=5 with 10 chironomids each).
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Editor’s Desk: This newsletter is distributed by the Metals Bioavailability Group, Department of Biology, McMaster University.  If you know of others who would enjoy this newsletter, or if you no longer wish to receive it yourself, please contact: 


Sunita Nadella, Department of Biology, McMaster University, 1280 Main St. West, Hamilton, Ontario L8S 4K1, Canada. Tel.: 905-525-9140 ext.26389; fax: 905-522-6066; e-mail:nadellsr@mcmaster.ca
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