3.0  Results


3.2
Physical Habitat and Biological Assessment


3.2.1  
General Overview   

Historic dredge mining operations have severely impacted the aquatic habitat of French Gulch resulting in the elimination of aquatic benthic communities in French Gulch downstream of the Wellington-Oro Mine site.  Compounding this problem are acutely toxic levels of D-Zn and D-Cd originating from the Mine.  Reduced trout numbers in the Blue River, below the confluence with French Gulch, is likely associated with both metal toxicity and poor aquatic-habitat conditions.  Segment 2 of the Blue River has been largely reclaimed in terms of installation of structures designed to increase stream flow and plantings for wetland and terrestrial improvements.  The ecosystem along this segment is substantially improved as compared to that found in French Gulch.  Nonetheless, stream flows in Segment 2 are and will continue to be a limiting factor to a healthy fishery in this segment, particularly in localized areas within the segment during seasonal low flows.
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Figure 3.2-1a  Habitat in French Creek below FG-8

The paucity of aquatic biota in lower French Gulch is largely associated with the elimination of aquatic habitats (USEPA 2002) (Figures 3.2-1a and 3.2-1b).  Even with improved water quality resulting from the treatment of Wellington-Oro Mine discharges it is extremely unlikely that the aquatic habitat will ever be improved sufficient to support healthy trout populations (see Section 3.4 of this UAA).  However, improved habitat and water quality upstream of the Mine site support a population of Colorado River cutthroat trout.  CDOW is extremely concerned that water quality improvements in this segment will in result brown trout and other species migrating upstream to compete with the otherwise isolated population of native trout, in spite of several culverts that may act as physical barriers.  So, for reasons of economic feasibility and protection of the upstream native trout population it is not considered reasonable to attempt to develop a aquatic ecosystem along this approximately 1.4 mile segment of French Creek.  Further assessment of aquatic biologic systems is primarily focused on protecting the Blue River downstream from the confluence with French Creek. 
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Figure 3.2-1b  Habitat in French Creek below FG-5

3.2.2  
Effects of Dissolved Zinc (D-Zn) on Brown Trout Populations
Based on literature values (see Appendix B, Tables B3 and B4) for acute and chronic D-Zn toxicity levels in trout, it appears that brook trout have a higher tolerance of dissolved zinc (D-Zn) levels when compared to brown trout or cutthroat trout (Tables B3 and B4).  These data indicate that LC50’s for brook trout ranged from 1458 µg/L D-Zn (60 mg/L hardness) to 6980 µg/L (179 mg/L hardness).  Similarly, increased tolerance was also apparent in terms of a chronic response (Appendix B, Table B3).  Lethal values for cutthroat and rainbow trout ranged from 90-670 µg/L for cutthroat and from 93 (low hardness of 22 mg/L) to 4520 µg/L (high hardness of 350 mg/L) for rainbow trout (Table B3).   Studies conducted on the effects of D-Zn on brown trout indicated that these fish are more sensitive than brook trout; Marr (1994) reported that brown trout fry had a LC50 of 454 µg/L (50mg/L, hardness) and 1,000 µg/L D-Zn at 100 mg/L hardness (Appendix B, Table B4). 

More recently, a number of experiments were conducted on the tolerance of brown trout to D-Zn (Davies and Brinkman 1999, Davies et al., 2000).  The results of these studies indicated that trout that were pre-exposed to D-Zn, as embryos, were more tolerant to D-Zn exposure than naïve brown trout (Table 3.2-1).  For example, trout pre-exposed to D-Zn had a chronic LC50 of 1329µg/L (50 mg/L hardness), in-contrast, un-acclimated trout had a chronic LC50 of 303 µg/L (Table 3.2-1).  However, regardless of pre-exposure, trout that were exposed once and allowed to depurate, and then exposed again showed significantly less tolerance to D-Zn (Table 3.2-1).  Chronic toxicity LC50’s were reduced from 1329 µg/L to 360 µg/L after a two-week period in clean water and further reduced to 342 µg/L after three weeks in clean water (Table 3.2-1).  It should also be noted that un-acclimated trout were also more sensitive to D-Zn after a two-week de-acclimation period; whereas initial chronic values of 303 µg/L were reduced to 194 µg/L D-Zn. Similar results were observed in terms of acute reactions (Table 3.2-1).

Table 3.2-1 -- Comparison of 96-hr LC50 D-Zn Concentrations from Acute and Chronic Toxicity Tests1 

	Exposure
	Acute 96-Hr LC50 (µg/L)
	Chronic Value (µg/L)

	
	
	

	Un-acclimated
	871
	303

	200 Acclimated 
	1397
	1329

	400 Acclimated
	1578
	1329

	Two-week De-Acclimation PeriodA


	Un-acclimated
	392
	194

	200 Acclimated 
	561
	360

	400 Acclimated
	506
	360

	Three-week De-Acclimation PeriodA


	Un-acclimated
	392
	194

	200 Acclimated 
	438
	342

	400 Acclimated
	384
	342


1 With non-exposed (i.e., un-acclimated), and pre-exposed (i.e., acclimated to 200 µg/L and 400 µg/L of zinc) brown trout.  (A sub-chronic test periods were 18 and 13 days, respectively).[Note: Data were reproduced from Davies and Brinkman, (1999).]
These results are important, because acute and chronic LC50 values from standard tests, upon which biotic standards are typically developed, do not take this loss of acclimation into account and thus may not be as protective of aquatic life.  For example, resulting from increased dilution rates, during spring high-flows, D-Zn concentrations can decrease substantially  (see Section 3.3.5, Table 3.3-5).  Alternatively, increased tolerance to D-Zn may occur during low-flow and winter egg-incubation periods.  This increased tolerance can be rapidly lost during high flows, thus increasing brown-trout sensitivity to D-Zn.

Results from studies on early life stage (ELS) toxicity test indicated that the chronic value concentration of newly hatched brown trout fry was 381 µg/L D-Zn (Davies and Brinkman, 1999).  Marr (1994) reported an acute value of 454 µg/L D-Zn; both tests used water hardness at 50 mg/L (see Appendix B, Table B4).   

3.2.3 
D-Zn Criterion for Brown Trout
As outlined in Appendix B, Section B4.2, ambient water-quality criteria (AWQC) and associated table value standards (TVSs) are threshold concentrations that are designed to be protective of many different aquatic species under a variety of water-quality conditions (USEPA, 1986).  Table Value Standards (TVS) are water hardness dependent equations used to calculate acute and chronic toxicity thresholds (Appendix B, Table B1).  One objective of this UAA is to compile available literature on toxicity of metals to potential ecological receptors (primarily trout and invertebrates) for comparison with relevant State of Colorado table value standards (TVS) and water-quality conditions in French Gulch and Blue River sites. In an effort to achieve this objective, a D-Zn hardness based criteria for the effects on brown trout was used. This criteria are specific to a specific metal and the toxicity limits of species of interest; whereas, table value standards (Appendix B, Table B1) are set as a regulatory mechanism by the CDPHE’s Water Quality Control Commission (WQCC) to protect aquatic habitat (in terms of specific species) of a given stream. 

In an attempt to define a site-specific standard for brown trout in this section of the Blue River, we used a recently developed D-Zn hardness based equation (Davies and Brinkman, 2003) as a criteria range. Based on the complete lack of suitable habitat in this section of the Blue River, in addition to, very low numbers of trout occurring at sites upstream from the confluence with French Creek, we contend that sensitive early life stages of trout are unlikely to occur in this section of the Blue River. Therefore, toxicity tests conducted with embryonically exposed or acclimated early life stages of trout (ELS) were selected as the best approach to represent site-specific conditions (Davies and Brinkman, pers. Comm).  The data used to develope this ELS equation are presented in Table 3.2-2.  In the event that aquatic habitat conditions may improve, or if upstream brown trout populations increase, thus increasing the opportunity for sensitive life stages of trout to occur in this stream section, a more restrictive equation non-ELS equation can be used as a site-specific standard (Davies and Brinkman, pers. Comm). 

Based on regression analysis of these chronic data (Table 3.2-2) a significant positive result was obtained (p = 0.037) indicating a relationship between hardness levels and chronic toxicity of D-Zn.  The resultant equation from this regression analysis can be described as: Log10 (Brown Trout chronic) = Log10 (Intercept) + Regression Slope(Log10 Hard) (Davies and Brinkman, 2003).   Substituting the regression data on slope and line intercept from the analysis using acclimated fry into this format, a site-specific brown trout chronic criteria for D-Zn can be developed, and is expressed as the ELS Equation for D-Zn (Table 3.2-3). 
Table 3.2-2 – Data used to develop the Toxicity Criteria for Brown Trout in Colorado

	Toxicity Test


	Hardness (mg/L)
	Chronic Value (µg/L)

	ELS Fry

 
	26.8
	 162

	ELS Fry


	48.1
	 196

	ELS Fry


	54.1
	 381

	ELS Fry


	153
	 1306

	R2  = 0.927
	Constant/Slope = 0.347
	X Coeffient = 1.253

	
	
	


Sources: Davies and Brinkman (1999, 2002, and 2003).
Table 3.2-3 – Dissolved zinc hardness based criteria for acclimatized early life stages of brown trout. 

	D-Zn Hardness Based Equation for ELS 



	Log10 (Brown Trout chronic) = Log10 (0.347) + 1.253(Log10 Hardness).




Davies and Brinkman, 2003

Using this ELS equation we can then estimate chronic toxicity at various hardness levels; chronic toxicity and associated hardness levels are presented in Table 3.2-4.   

Table 3.2-4.   Chronic brown trout criteria using the ELS equation for D-Zn 

	Hardness (mg/L)


	ELS Fry D-Zn Criteria (µg/L)
	TVS (µg/L)

	40


	 226
	54

	50


	 299
	66

	60


	 376
	77

	70


	  456
	87

	80


	 539
	98

	90


	 625
	108

	100
	 713


	118


Data from: Davies and Brinkman, 2003

As outlined, an objective of this UAA is to compile available literature on toxicity of metals to and compare these findings with relevant State of Colorado table value standards (TVSs). The TVSs are threshold concentrations that are designed to be protective of many different aquatic species under a variety of water quality conditions.  Because TVSs are water hardness dependent equations, the average hardness conditions in the Blue River were used to calculate acute and chronic toxicity thresholds (Table 3.2-5).  Afterwards, by adjusting for changes in streamflows and hardness levels at the combined Blue River sites, acute AWQC values ranged between 87 and 109 µg/L D-Zn and chronic values ranged between 88 and 110 µg/L D-Zn (Table 3.2-5)

Table 3.2-5 -- Comparison of D-Zn Hardness Equation Criteria (ELS) with Table Value Standards for the Blue River Segment 2.  

	Criteria 
	Zinc Concentrations

	D-Zn Hardness Criteria @ 50mg/L
	 299 µg/L

	
	

	TVS Average Hardness Adjusted to 50mg/L
	65 µg/L (acute); 66 µg/L (chronic
)



	TVS Average Hardness High Flows
	87.0 µg/L (Ac.); 87.7  µg/L (chronic)



	TVS Average Hardness Low Flows 
	108.9 µg/L (Ac.); 109.8 µg/L (chronic)




In conclusion, it is recommended that the aquatic-life protective level for D-Zn should be based on the ELS hardness criteria (Davies and Brinkman, 2003) outlined in Table 3.2-3. This approach assumes that physical habitat in these stream sections will restrict the trout population in terms of spawning and recruitment, and the lack of an upstream population will further compound these conditions. Therefore, it is probable, that sensitive trout fry will not occur in this stream section. We conclude that use of the more tolerant D-Zn hardness based equation (ELS) will be the pertinent standard for Segment 2 of the Blue River.  

3.2.4   
Effects of Dissolved Zinc (D-Zn) on Macroinvertebrates
Studies conducted by Clements (1999) have revealed similar community patterns that may be useful in identifying key taxa and their toxicity levels.  First, mayflies, particularly Heptageniidae, are the most sensitive to heavy metals and typically the first taxonomic group eliminated at contaminated sites. Thus heptageniids such as Rithrogena sp., Epeorus sp., and Cinygmula sp. may serve as indicators of metal pollution at a site.  Early instars of these mayflies, as well as other taxa such as Drunella sp., have also shown to be particularly sensitive to metals and metal mixtures (Kiffney, 1995).  However, due to the paucity of acute/chronic LC50’s and/or no observed effect studies on macroinvertebrates, in addition to, extremely wide ranging results being reported in the literature (Table B9), developing protective criteria for macroinvertebrates is difficult. 

Because of these limitations, we have used a community-level matrix in an attempt to provide estimated D-Zn concentration that will be protective of a macroinvertebrate community; these data are presented in (Table B10).  In effect, we use the abundance and/or presence or absence of Rhithrogena hageni, Epeorus longimanus, E. deceptivus, Cinygmula sp.(“Indicator mayflies”), and Baetis tricaudatus as the most reliable indicators for potential recovery at metal contaminated sites (Figure 3.2-2).  This fundamental principle implies that if theses most sensitive species are protected then other macroinvertebrate species will survive.  Based on these data
 we show that at a zinc concentration of less than 250 µg/L (Figure 3.2-2), sensitive and baetid mayflies become more abundant. Hardness values during these studies ranged from 43 to 91 mg/L.  Normalizing these data for hardness, the D-Zn 250 µg/L value would be reduced slightly, to 244 µg/L.  In reality, in order to restore a complete healthy diverse benthic community, D-Zn levels would have to be reduced to be less than 100 mg/L (Figure 3.2-2).  However, given some of the physical habitat constraints within these stream sections, it is unlikely, that a complete and diverse benthic community could exist, even in the absence of metal effects. Based on the results of our ELS D-Zn hardness based criteria for brown trout (Table 3.2-3), it is possible that some indicator species and other mayflies can survive at these levels (Figure 3.2-2).  We can then conclude that if the ELS D-Zn equation (Table 3.2-3) provides a limited protection to the brown trout population, then most macroinvertebrates will be protected using this ELS equation.  
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Figure 3.2-2 -- Relationship between D-Zn Concentrations and Mayfly Abundance in Different Colorado Sites [Note: Site hardness values ranged from 43 to 91 mg/L; see Appendix Table B10.]
 3.2-5
Effects of Dissolved Cadmium (D-Cd) on Brown Trout Populations
Brown trout D-Cd toxicity values ranged between 0.4 and 6.7 µg/L D-Cd for chronic tests and varied from 1.4 and 2.16 µg/L D-Cd for acute tests (Table 3.2-6).  In an attempt to define criteria for brown trout that would be protective of adult brown trout, previously exposed to D-Cd, the literature values for the chronic effects that trout
 can endure were used (Table 3.2-7).  In a similar approach to D-Zn, a regression analysis to determine the relationship between hardness and chronic values for trout was used. The resultant equation is shown in Table 3.2-8.  The pooled slope
 for these trout data was 1.03, (r2 = 0.69).

Table 3.2-6 -- Reported literature values for brown trout D-Cd toxicity 

[Note: NR = Data/information are not presented or known.]
	TAXA
	AGE
	HARDNESS
	TIME
	TYPE
	LC50 (µg/L)
	REFERENCE

	Brown trout 
	NR
	60
	NR
	acute
	2.16
	ERA, USEPA (2002)

	Brown trout 
	NR
	50
	NR
	chronic
	5.004
	USEPA (2001)

	Brown trout 
	NR
	39-48
	96-hr
	acute
	1.4
	Spehar and Carlson (1984)

	
	
	
	
	
	
	

	Brown trout

(wild)
	Un-acclimated  

fingerlings
	39
	96-hr
	acute
	2.39
	Davies and Brinkman (1994b)

	
	
	
	
	
	
	

	Brown trout

(wild)
	Un-acclimated  

fingerlings
	39
	12 weeks
	chronic
	0.4
	Davies and Brinkman 

(1994b)

	Brown trout

(hatchery)
	Un-exposed  as eggs;

fingerlings
	40
	96-hr
	acute
	1.87
	Davies and Brinkman (1994b)

	Brown trout

(hatchery)
	Pre-exposed as eggs;

fingerlings
	40
	96-hr
	acute
	1.78
	Davies and Brinkman (1994b)

	Brown trout

(hatchery)
	Un-exposed  as eggs;

fingerlings
	40
	136 d
	chronic
	1.3
	Davies and Brinkman (1994b)

	Brown trout

(hatchery)
	Pre-exposed  as eggs;

fingerlings
	40
	136 d
	chronic
	1.3
	Davies and Brinkman (1994b)

	Brown trout
	Eyed eggs
	45
	NR
	chronic
	2
	Eaton et al. (1978)

	Brown trout
	Green eggs
	45
	NR
	chronic
	6.7
	Eaton et al. (1978)


Table 3.2-7.  Trout data used to develop a hardness-based equation for chronic effects of D-Cd on acclimated adult brown trout.

	Study
	Species
	Life-stage
	Hardness

Mg/L
	Chronic Value

µg/L

	Brown et al. 1994
	Rainbow 
	270d old
	250
	4.31

	Sauter et al. 1976
	Brook
	ELS
	37
	1.732

	Eaton et al. 1978
	Brook
	ELS
	44
	2.04

	Brown et al. 1994
	Brown 
	Non-ELS
	250
	16.49

	Davies and Brinkman, 1994
	Brown
	Non-ELS
	40
	1.3

	Davies and Brinkman, 1994
	Brown
	Fry
	39
	0.37

	Eaton et al. 1978
	Brown
	ELS
	45
	2

	ERA, 2002
	Brown
	N/A
	60
	2.16

	Chapman, 1978
	Rainbow
	Swim-up
	23
	1

	Roch and Maly, 1979
	Rainbow
	N/A
	125
	17.3

	Arillo et al. 
	Rainbow
	N/A
	320
	10

	Majewske and Giles, 1984
	Rainbow
	N/A
	82
	4.8

	Davies and Brinkman, 1987
	Rainbow 
	Fry
	29
	1.26

	Davies and Brinkman, 1987
	Rainbow 
	Fry
	301
	9.15

	Kumada et al. 1973
	Rainbow
	N/A
	104
	7


Table 3.2-8.  Dissolved cadmium hardness based criteria for acclimated adult trout. Regression based on data from Table 3.2-7.

	D-Cd Chronic Hardness Based Equation for Acclimated Adult Brown Trout



	Log10 (Trout chronic) = Log10 (1.031) – 1.45(Log10 Hardness).




Using the equation for D-Cd (Table 3.2-8) we can then estimate chronic toxicity at various hardness levels, chronic toxicity and associated hardness levels are presented in Table 3.2-9.    

Table 3.2-9.   Chronic brown trout criteria using the equation for D-Cd. 

	Hardness (mg/L)


	Acclimated Adult Brown Criteria (µg/L)

	40


	1.6

	50


	2.0

	60


	2.4

	70


	2.8

	80


	3.2

	90


	3.7

	100
	4.1




It should be the toxicity of D-Cd to aquatic life is dependent upon its relationship to the other minerals and metals in solution and therefore, these criteria may change.  In addition, Davies et al. (2000) suggested a D-Cd level of 1.2 ug/L D-Cd for the Animas River (hardness values for the Animas River in spring range between 42-82 mg/L).

These criteria (Table 3.2-9) are slightly higher than the D-Cd levels obtained from the TVS equations (Table 3.2-10 and Appendix B, Table B1).  Based on the TVS, acute and chronic values for trout would be 1.75 µg/L D-Cd (acute for trout) and 1.34µg/L D-Cd (chronic) both at a hardness of 50 mg/L (Table 3.2-10).  Our suggested standards (Table 3.2-9) exceed acutely lethal levels for brown trout, but accounting for poor habitat conditions and lack of potential for sensitive fry to occur, we suggest that these standards would be protective of acclimated adult brown trout.  

Based on updated data and equations used for cadmium toxicity (USEPA 2001); current TVS standards may be become more restrictive in future years.  The revised cadmium equation and associated acute and chronic values are shown in Table 3.2-10.  These data (EPA 2001) indicate that brown trout are the most sensitive species for cadmium having an acute level of 1.6 µg/L for D-Cd (USEPA 2001).

Table 3.2-10.   Current TVS for D-Cd compared to future criteria for D-Cd. 

	Hardness

Mg/L
	1999 Chronic

µg/L
	1999 Acute

µg/L
	2001 Chronic

µg/L
	2001 Acute

µg/L

	20
	0.68
	0.65
	0.08
	0.40

	30
	0.92
	1.00
	0.10
	0.61

	40
	1.14
	1.37
	0.13
	0.82

	50
	1.34
	1.75
	0.15
	1.03

	60
	1.53
	2.13
	0.17
	1.23

	70
	1.72
	2.52
	0.19
	1.44

	
	
	
	
	


3.2.6
Effects of Dissolved Cadmium (D-Cd) on Macroinvertebrates
Invertebrate taxa appeared to be more tolerant to D-Cd than fish taxa (Table B16), with the exception of Daphnia, snails, amphipods, and small heptageniid mayflies (lowest estimated LC50 of less than 1.1 µg/L).  Harrahy (2000) estimated that 50% of Baetis tricaudatus mayflies died when exposed to between 2.2 and 11 µg/L D-Cd over several days.  Acute values in the same study were higher (between 29 and 41 µg/L D-Cd), and were similar to values reported in 96-hr tests by Williams et al. (1985) for Baetis rhodani..  For tests where hardness ranged from 40 to 70 mg/L, toxicity values ranged from less than 3 µg/L(chronic) to 2,278 µg/L (acute) (Table B16).  Toxicity values for stoneflies and caddis flies appeared to be high and similar to some Baetis values, but cannot be interpreted due to lack of data on hardness in toxicity tests (stonefly range: 26000 – 1300000 µg/L; caddis fly range: 200,000 – 1,100,000 µg/L).  It is concluded that, if D-Cd levels were maintained at the TVS levels for brown trout, then these levels would also be protective of a macroinvertebrate community. 

 3.2.7
Effects of Lead (D-Pb) Toxicity to Brown Trout
There is a paucity of data for D-Pb toxicity to brown trout (Table 3.2-11) and other trout species (Appendix B, Table B17).  A “no-effect” concentration (NOEC) and lowest effect concentration (LOEC) based on mortality that occurred for brown trout between 60 and 105 µg/L D-Pb; however, deformities were observed as low as 45 µg/L D-Pb (Davies and Brinkman 1994c).   In terms of state TVS, the D-Pb values, after normalizing for site hardness are 36  µg/L (acute) and 1.4  µg/L (chronic) (WQCC, 2001). Based overall lack of data on D-Pb effects on brown trout (Table 3.2-11) the TVS concentrations to protect brown trout from chronic effects are recommended for purposes of this UAA. 

Table 3.2-11.  Reported literature values for D-Pb toxicity in brown trout 
	TAXA
	AGE
	HARDNESS (mg/L)
	TIME

(months)
	TYPE
	LC50 (µg/L) 



	Brown trout 
	Fingerlings
	37 (alk=40)
	6-7
	Chronic- deformity
	45

	Brown trout 
	Fingerlings
	37(alk= 40)
	6-7
	Chronic-mortality
	79

	Brown trout
	Fingerlings
	37(alk=40)
	6-7
	NOEC-LOEC
	60-105


(Data from Davies and Brinkman 1994c)

3.2.8
Effects of Lead (D-Pb) Toxicity to Macroinvertebrates
Also similar to results for D-Cd and D-Zn, invertebrates appeared to be less sensitive to D-Pb than fish taxa (Appendix B, Table B18). Drunella mayfly chronic LC50’s were consistent across two studies (3500 µg/L D-Pb). The large-bodied stonefly Pteronarcys was less sensitive with chronic LC50’s ranging from 19200 – 20000 µg/L D-Pb.  Acute and chronic values reported for Tanytarsus chironomids ranged broadly (258µg/L chronic to 224000 µg/L D-Pb acute).  Harrahy (2000) reported that Chironomus midge were sensitive to lower levels of D-Pb in sediment (37.1 µg/L D-Pb)(Appendix B, Table B18).

3.2.9
Summary and Recommendations 

Results from acute and chronic studies on D-Zn, D-Cd, and D-Pb varied widely for each taxa, regardless of similarities in water hardness and other study parameters.  Occasionally, key elements of the study design (length of time, organism age or stage, and water hardness) were not reported.  Furthermore, with the exception of D-Zn, the diversity of studies on toxicity of D-Pb and D-Cd were lacking. In general many toxicity tests are performed using daphnia and chironomid larvae and rainbow trout.  This variability and lack of information made it difficult to draw solid conclusions about how taxonomic groups differed in their responses to these metals.  General patterns included the fact that fish tented to be more sensitive to these metals than invertebrates, especially small fish or fish at early life-stages.

Based on the findings of this UAA the overall recommendations include adoption of a site-specific ELS hardness based criterion for D-Zn, similarly, a hardness based equation for acclimated brown trout as the chronic standard for D-Cd.   Finally, in terms D-Pb, the hardness-based equations outlined in the TVS be maintained as appropriate levels of protection (Table 3.2-12) are recommended.    

Table 3.2-12-- Overall UAA Recommendations for D-Zn, D-Cd, and D-Pb

	
	D-Zn


	D-Cd
	D-Pb

	UAA Recommendation


	ELS Equation 


	Acclimated Adult Trout Equation 
	TVS


� EMBED Excel.Sheet.8  ���








� The acute and chronic standards are approximately the same, with the chronic standard being slightly higher at increased hardness values. 


� Data collected from the Animas R,; Arkansas R.; Blue R., Eagle R.; French G.; Peru Crk.; & Snake R.


� Due to the lack of studies conducted at high hardness levels that included brown trout, data from brook, and rainbow trout were also used in analysis. 


� Additional analysis was conducted on individual regression slopes, no statistical difference was noted. 


� Current TVS 


� Acute based on Equation : 0.938[e(0.7409(LnHardness)-4.719)]
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						22		41

						20		43

						21		30

						30		20

						30		30

						30		28

						30		29

						31		22

						45		20

						40		55

						50		51.1

						45		100

						95		60

						95		70

						96		75

						100		30

						100		45

						100		46

						100		80

						105		170

						105		55

						120		80

						190		125

						200		125

						210		125

		Copper

		RBT and Cutts				18				36

						23		28

						23		18

						23		18

						23		29

						26				15

						30		19

						30		30

						31		73		73

						31		29

						31		30

						32		22

						42		57

						70				186

						74				44

						83				163

						90		190

						98		85

						99		33

						99		47

						100		48

						100		81

						101		176

						101		40

						101		46

						102		30

						120		80

						125		200

						125		190

						125		210

						160				93

		zinc

		Trout				22		815

						22		93

						24		136

						83		1760

						20		90

						30		560

						30		240

						30		810

						30		410

						30		830						134		342		unacc		210

						47		370						976		1329		acclim		976

						47		517						210		303		unacc 2 wk		148

						44		756						148		194		acclim 2wks		255

														226		342		acclim 3wks		226

														255		360		acclim 3wks		132

														132		194		juv		134

						5		280						280				juv		162

						26		430						171		234		juv		171

						47				1550				221		327		juv		221

						47				2120				162				Early		280

						44				2420		476

						52						484

						60				1458				218.0592478375		331.8680840262				218.0592478375

						100						1000

						50						454

						54						690

						54						1033

						54						603

						200						2267

						179				6980

								Indicator Mayflies		Baetis spp.		Hardness		Adjust by 74mg/L

						14		322		59		62

						12		219		43		50						43

						82		189		407		68						70

						117		1		1082		66		106.0090909091

						527		17		2		62		508.3

						150		80										53

						100		75										44

						200		75

						380		40										52.5

						250		5		75		43		347.6744186047

						400		0		15		91		262.8571428571

						250		25		70		70		213.5714285714

						20		150		75		41

						100		15		175		73		81.9178082192

						500		0		175		79		378.4810126582		266.0714285714

						250		0		150		53		282.0754716981		433.1395348837

						250		5		100		44		339.7727272727		351.4150943396

						26		74		758						423.2954545455

						79		0		922

						181		30		372						361.8449542657

				USGS		113		25		530		70		96.5342857143

						177		0		27		80		132.3075

						102		2		60		93		65.5870967742

				Clements		2		124		1214

						336		10		350

						104		4		192

						14		322		59

						12		219		43

						82		189		407

						117		1		1082

						527		17		2

														192.6770407617

								Chronic		Acute

						Cadium		0.4		2.16

								1.1		1.613

								0.4		7.33

								1.3		15.1

								2		1.4

								6.7		4.65

								1.3		2.69

								7.33		1.78

								5		1.87

								1.7398374841		3.0445935586
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