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1 INTRODUCTION 

Based on the presentation by the Montana Department of Environmental Quality (Montana DEQ) at the 

27 June 2018 rulemaking meeting regarding establishing non-anthropogenic background concentrations 

of arsenic in Montana Rivers, Arcadis reached out to Erik Makus of the Montana DEQ to see if paired 

surface water and fish tissue data were available and if such data could be shared to allow for an 

evaluation of arsenic bioaccumulation parallel to the one conducted using paired data from Idaho and 

provided to the Idaho Department of Environmental Quality (IDEQ) earlier this year (Arcadis 2018). 

Montana DEQ had paired data and was able to share those data. The remainder of this white paper 

summarizes and evaluates the paired arsenic in surface water and fish tissue data received from 

Montana DEQ. As described in more detail below, the data are generally consistent with paired data 

collected by Idaho in 2008 (IDEQ 2010) and reinforce the findings of the Arcadis (2018) evaluation. 

Specifically, that bioaccumulation of inorganic arsenic in fish tissue is substantially lower than assumed 

by the United States Environmental Protection Agency’s (USEPA’s) existing ambient water quality criteria, 

that existing Idaho (and Montana) data can be used to derive protective and practical state-wide water 

quality criteria applicable to waters designated for recreational use, and that when collecting fish tissue 

samples in the future, detection limits for inorganic arsenic in fish tissue should be as low as possible to 

better understand the ratio of inorganic to total arsenic in fish tissue and to develop a more representative 

bioaccumulation factor for inorganic arsenic in fish. 

2 OVERVIEW OF MONTANA ARSENIC DATA 

Montana DEQ provided several years’ worth of data on the concentration of arsenic in surface water. 

Montana DEQ also provided arsenic fish tissue data from 2016, the only year for which fish tissue data 

are available. Because paired surface water and fish tissue data are only available from the Madison 

River in 2016, this white paper summarizes and focuses on only the paired surface water and fish tissue 

data collected in 2016. Figure 1 identifies the three locations on the Madison River from which paired data 

are available. A single surface water sample collected in October 2016 is available from each sampling 

location (Table 1). Each water sample was analyzed for total arsenic but not inorganic arsenic. Total 

arsenic concentrations range from 0.031 to 0.089 mg/L (Table 1). Three tissue samples were collected 

from each of three fish species (Mountain Whitefish, Rainbow Trout, and Brown Trout) near each of the 

surface water sampling locations in September 2016 (Figure 1, Table 1). The fish tissue samples were 

analyzed for total arsenic and inorganic arsenic (Table 1) as well as several inorganic arsenic species 

(inorganic arsenic species are not shown in Table 1). Total arsenic was detected in 24 of 27 tissue 

samples at concentrations ranging from 0.25 to 2.1 mg/kg (Table 1). Inorganic arsenic was not detected 

in any fish tissue samples at detection limits ranging from 0.094 to 0.100 mg/kg (Table 1). 
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Table 1. Montana surface water and fish tissue data. 

Fish 
Sample ID 
Number 

Fish Sample 
Location 

Fish Species 
Fish Tissue - 
Total Arsenic 

(mg/kg) 

Fish Tissue - 
Total Arsenic 
Lab Qualifier 

Fish Tissue - 
Inorganic 

Arsenic (mg/kg) 

Fish Tissue - 
Inorganic Arsenic 

Lab Qualifier 

Inorganic Arsenic 
as a percentage of 
Total Arsenic (%) 

Surface 
Water 

Sample 
Location 

Surface 
Water - Total 

Arsenic 
(mg/l) 

16364800 Varney Mt. Whitefish 0.420 0.100 U 24 

Madison 
River at 
Varney 
Road 

crossing 

0.089 

16364801 Varney Mt. Whitefish 0.420 0.090 U 21 0.089 

16364802 Varney Mt. Whitefish 0.380 0.100 U 26 0.089 

16364803 Varney Rainbow Trout 1.000 0.094 U 9 0.089 

16364804 Varney Rainbow Trout 0.610 0.100 U 16 0.089 

16364805 Varney Rainbow Trout 1.700 0.100 U 6 0.089 

16364806 Varney Brown Trout 0.840 0.095 U 11 0.089 

16364807 Varney Brown Trout 0.280 0.099 U 35 0.089 

16364808 Varney Brown Trout 0.590 0.096 U 16 0.089 

16364809 Warm Springs/Norris Mt. Whitefish 0.590 0.098 U 17 Madison 
River 

downstrea
m of Hot 
Springs 

Creek and 
near mouth 
of Beartrap 

Canyon 

0.031 

16364810 Warm Springs/Norris Mt. Whitefish 0.280 0.100 U 36 0.031 

16364811 Warm Springs/Norris Mt. Whitefish 0.610 0.100 U 16 0.031 

16364812 Warm Springs/Norris Rainbow Trout 0.250 0.096 U 38 0.031 

16364813 Warm Springs/Norris Rainbow Trout 0.360 0.093 U 26 0.031 

16364814 Warm Springs/Norris Rainbow Trout 0.510 0.100 U 20 0.031 

16364815 Warm Springs/Norris Brown Trout 0.210 U 0.098 U 47 0.031 

16364816 Warm Springs/Norris Brown Trout 0.280 0.099 U 35 0.031 

16364817 Warm Springs/Norris Brown Trout 0.350 0.096 U 27 0.031 

16404818 Gallatin Big Sky Mt. Whitefish 0.260 0.099 U 38 

No surface water data 

16404819 Gallatin Big Sky Mt. Whitefish 0.200 U 0.092 U 46 

16404820 Gallatin Big Sky Mt. Whitefish 0.490 0.098 U 20 

16404821 Gallatin Big Sky Rainbow Trout 0.280 0.100 U 36 

16404822 Gallatin Big Sky Rainbow Trout 0.620 0.099 U 16 

16404823 Gallatin Big Sky Rainbow Trout 0.200 U 0.100 U 50 

16404824 Gallatin Big Sky Brown Trout 0.200 U 0.095 U 48 

16404825 Gallatin Big Sky Brown Trout 0.460 0.097 U 21 

16404826 Gallatin Big Sky Brown Trout 0.500 0.098 U 20 

16394827 Pine Butte Mt. Whitefish 0.410 0.100 U 24 

Madison 
River at 

Pine Butte 

0.060 

16394828 Pine Butte Mt. Whitefish 0.340 0.100 U 29 0.060 

16394829 Pine Butte Mt. Whitefish 0.440 0.095 U 22 0.060 

16394930 Pine Butte Rainbow Trout 0.200 U 0.100 U 50 0.060 

16394931 Pine Butte Rainbow Trout 2.100 0.099 U 5 0.060 

16394932 Pine Butte Rainbow Trout 0.200 U 0.100 U 50 0.060 

16394933 Pine Butte Brown Trout 0.770 0.096 U 12 0.060 

16394934 Pine Butte Brown Trout 0.600 0.100 U 17 0.060 

16394935 Pine Butte Brown Trout 0.450 0.100 U 22 0.060 

Notes:  U = Analyte was not detected at or above the reported value. 
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Notes:

FT-MR-WS = Fish Tissue, Madison River, Warm Springs SW-MR-HSC - Surface Water, Madison River, Hot Springs Creek

FT-MR-V = Fish Tissue, Madison River, Varney SW-MR-V - Surface Water, Madison River, Varney
FT-MR-PB = Fish Tissue, Madison River, Pine Butte SW-MR-HSC - Surface Water, Madison River, Pine Butte
FT-GR-GBS - Fish Tissue, Gallatin River, Gallatin Big Sky

FIGURE

1

Montana Fish and Surface Water Sampling Locations
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The remainder of this memorandum compares the 2016 Montana data to the 2008 Idaho data and 

develops estimates of bioaccumulation factors (BAFs) for arsenic based on the Montana data. To the 

extent the Montana data permit, the development of BAFs parallels that presented for the Idaho data in 

the Arcadis (2018) evaluation prepared in response to the 19 April 2018 Idaho Rulemaking meeting.  

3 COMPARISON OF MONTANA AND IDAHO SURFACE 

WATER DATA 

The concentration of total arsenic in the Montana surface water samples is substantially higher than in the 

Idaho surface water samples. The minimum concentration in Montana samples was 0.031 mg/L, about 

three times higher than the maximum concentration of 0.00974 mg/L detected in Idaho (Figure 2). The 

average total arsenic concentration in the Madison River of 0.06 mg/L is about 30 times higher than the 

average concentration of 0.002 mg/L in Idaho surface waters (Figure 2). 

 

Because Montana did not speciate arsenic in surface water, inorganic arsenic concentrations in surface 

water between the two states cannot be compared nor can the Montana data be used to estimate that 

ratio of total arsenic to inorganic arsenic in surface water. 
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4 COMPARISON OF MONTANA AND IDAHO FISH TISSUE 

DATA 

Consistent with surface water, the concentration of total arsenic in the Idaho fish tissue samples is 

substantially lower than the concentration in the Montana fish tissue samples (Figure 3). The average 

total arsenic concentration in the Madison River fish tissue of 0.56 mg/kg is about 7.5 times higher than 

the average concentration of 0.074 mg/kg in Idaho fish tissue (Figure 3). The concentration of inorganic 

arsenic in Madison River fish tissue also appears to be higher than concentrations in Idaho fish tissue (by 

about 50 times) but that apparent difference is driven by differences in detection limit. All fish tissue 

samples from the Madison River had nondetectable levels of inorganic arsenic at a detection limit of 

about 0.1 mg/kg while 54 of 55 Idaho fish tissue samples were also non-detect for inorganic arsenic at a 

detection limit of 0.002 mg/kg (Figure 3). 

 

As a consequence of the elevated detection limits in Madison River fish tissue, the fraction of total arsenic 

in fish that is inorganic in fish tissue (also referred to as the ratio of inorganic to total arsenic in fish tissue) 

is about five times higher than Idaho’s. The ratio for Madison River fish is 0.17 while the ratio in Idaho fish 

is 0.038. Both of these ratios are upper bounds given that, with the exception of a single fish tissue 

sample in Idaho, both ratios assume inorganic arsenic concentrations in fish tissue are equal to the 

detection limit. If actual inorganic arsenic concentrations in fish tissue are assumed to equal one half the 

detection limit, the ratios would be about 0.09 and 0.02, respectively. If the concentrations of inorganic 
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arsenic are assumed be one tenth the detection limit, the ratios would be about 0.02 and 0.004, 

respectively.  

The finding that inorganic arsenic is not detectable in Madison River fish reinforces the recommendation 

in the earlier Arcadis white paper (Arcadis 2018) arising from the Idaho fish tissue evaluation; namely, the 

need to refine the inorganic arsenic in fish tissue detection limit. That detection limit has a direct effect on 

estimated BAFs for inorganic arsenic in fish tissue. A two-fold decrease in the detection limit would 

decrease BAFs by two-fold, assuming inorganic arsenic concentrations in fish tissue remained 

nondetectable.  

5 RELATIONSHIP BETWEEN SURFACE WATER AND FISH 

TISSUE CONCENTRATIONS 

Even though the concentration of total arsenic in surface water ranged from 0.031 to 0.089 mg/L, the 

concentration of inorganic arsenic in fish tissue remained not detectable (Figure 4). Thus, given current 

detection limits, no relationship can be established between total arsenic in water and inorganic arsenic in 

fish tissue (Figure 4). This is similar to the Idaho data, except that the concentration of total arsenic in 

Idaho surface water was lower and the detection limit for inorganic arsenic in Idaho fish tissue was lower. 

Additionally, similar to the Idaho data, if the BAF of 11 L/kg developed by Idaho Department of 

Environmental Quality (IDEQ 2010) is applied to the Montana surface water concentrations, inorganic 

arsenic fish tissue concentrations are substantially overpredicted. This finding reinforces that the BAFs 

developed by IDEQ in 2010 are not predictive and should not be used when establishing statewide 

human health criteria (HHC) for arsenic. 

 

 



SUMMARY OF MONTANA ARSENIC SURFACE WATER AND 

FISH TISSUE DATA AND COMPARISON TO IDAHO DATA 

arcadis.com 
Montana Arsenic Data Summary Report_4-16-2019 7 

Total arsenic in fish increases linearly with increasing water concentration though the regressions are not 

statistically significant regardless whether non-detected samples are included in the regression (Figures 

5a and 5b). The absence of a statistically significant relationship is due to the limited number of samples, 

limited range in water concentration (only about three-fold) and large range in fish tissue concentrations 

(about eight-fold). 

 

 

The slopes of the regression equations represent the BAF that can be derived from the dataset.  

Comparison of the slopes of the Montana and Idaho linear regressions of total arsenic in water to total 

arsenic in fish indicates that the Montana slope is somewhat shallower than the slope based on the Idaho 

data (5.4 versus 14), indicating that the BAF based on Montana data for total arsenic (in water and fish 
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tissue) is lower than the BAF based on Idaho data (Figure 5c).  Additionally, as was the case with Idaho 

fish tissue data, the IDEQ total arsenic BAF of 143 overpredicts measured total arsenic tissue 

concentrations substantially (Figure 5c). Thus, comparison of all three BAFs indicates the paired Montana 

water and fish tissue data reinforce the linear regression-based BAF derived using paired Idaho data. 

 

To evaluate the accumulation of arsenic over the entire range of surface water concentrations measured 

in Idaho and Montana, the paired data sets from both states were combined (Figure 6.)  A linear 

regression of those data is statistically significant (p<0.001) with a slope (i.e., BAF) of about half of that 

observed using just the Idaho data (Figure 6). That results in a total arsenic in water to total arsenic in fish 

BAF of 7.8 L/kg (Figure 6) compared to a BAF of 14 L/kg based on only Idaho paired data or of 5.4 L/kg 

based on only Montana paired data.  

As described in the earlier Arcadis report (Arcadis 2018) the total arsenic in water to total arsenic in fish 

BAFs can be adjusted by the fraction of total arsenic in fish that is comprised of inorganic arsenic to 

develop BAFs that predict the concentration of inorganic arsenic in fish based of the total concentration of 

arsenic in surface water. The fraction based on Idaho paired surface water and tissue data is 0.038. The 

fraction of total arsenic in fish tissue that is assumed to be inorganic arsenic based on paired Montana 

data is 0.17. The fraction based on combined Idaho and Montana data is 0.09. When the respective total 

arsenic in surface water to total arsenic in fish BAFs are adjusted by these fractions, the BAFs to predict 

the inorganic arsenic concentration in fish tissue from total arsenic in surface water become 0.53 L/kg 

based on just the Idaho paired data, 0.91 L/kg based on just the Montana paired data, and 0.71 L/kg 

based on the combined Idaho and Montana data. As described above, and previously in Arcadis (2018), 
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Figure 5c 

Plot of total arsenic in paired Montana surface water and fish tissue samples and resulting regression 

equation with superimposed lines showing concentrations predicted by IDEQ (2010) BAF of 143 L/kg (green 

line) and Arcadis (2018) BAF of 14 L/kg (yellow line) based on paired Idaho data. 
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all of these are upper bound BAFs because inorganic arsenic was detected in only one of 90 fish tissue 

samples but the BAFs assume that inorganic arsenic was present at the detection limit. Had one half the 

detection limit been assumed as typical for non-detected concentrations, the BAFs would be two-fold 

lower (i.e., 0.27, 0.46, and 0.36, respectively). In fact, the actual BAFs could be substantially lower than 

just two-fold. We don’t know how much lower, though given the virtually universal lack of detectable 

concentrations of inorganic arsenic in fish tissue in both Idaho and Montana fish, actual BAFs are likely to 

be substantially lower.  

 

6 IDAHO-SPECIFIC FISH CONSUMPTION ONLY HHC 

As described in Arcadis (2018) the BAF of 0.53 L/kg can be combined with IDEQ’s standard assumptions 

to derive an HHC for fish consumption only. Those assumptions include consumption of 66.5 grams of 

Idaho fish by a person weighing 80 kilograms, for every day of the year, for every year of his or her entire 

lifetime, and an allowable risk of 1x10-5. Using those assumptions and the current cancer slope factor for 

arsenic of 1.5 (mg/kg-day)-1 results in a fish consumption only HHC of 15 ug/L for total arsenic. Based on 

the data collected by IDEQ in 2008 (IDEQ 2010), virtually all of the surface waters sampled by IDEQ in 

2008, with the exception of the Bruneau River have naturally occurring background concentrations of total 

arsenic lower than a fish consumption only HHC of 15 ug/L. If a BAF that assumes inorganic arsenic 

concentrations in fish tissue are equal to one half the detection limit is used to derive the fish consumption 

only HHC (i.e., a BAF of 0.27 L/Kg), the HHC becomes 30 ug/L. All surface waters sampled by Idaho in 

2008 would meet such an HHC. Based on information presented by IDEQ during the 23 May 2018 

Rulemaking meeting, such an HHC would be applicable to about “96,490 stream miles in Idaho 

Montana
y = 5.364x + 0.2408

R² = 0.0877
P=0.13

Idaho
y = 14.121x + 0.0456

R² = 0.2192
P<0.001

Combined
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designated (or presumed) for Recreation Uses (fish only criteria)”, or about 80 percent of the stream miles 

in Idaho Summary and Recommendations 

The paired surface water and fish tissue data collected by Montana are generally consistent with those 

collected by IDEQ in 2008. The Montana data reinforce the utility and protectiveness of the BAFs derived 

based on a linear regression of paired Idaho data (Arcadis 2018) and also reinforce that the IDEQ (2010) 

BAFs (e.g., 143 L/kg for total arsenic in fish tissue and 11 L/kg for inorganic arsenic in fish tissue) greatly 

overpredict measured concentrations of either total or inorganic arsenic in fish tissue and should not be 

used to derive statewide HHC. A key limitation of the Montana data is elevated detection limits for 

inorganic arsenic in fish tissue. Because of those elevated detection limits, the Montana data cannot be 

used to refine a key uncertainty associated with the Idaho data; that being the actual concentration of 

inorganic arsenic fish tissue samples and the fraction of total arsenic in fish tissue that is comprised of 

inorganic arsenic. Those elevated detection limits do, however, reinforce the need for IDEQ to refine to 

the extent possible and practical the detection limits for inorganic arsenic in any future fish tissue 

sampling effort.  

Finally, and as described previously (Arcadis 2018), the data collected so far can be used to establish an 

organism only arsenic HHC. An analysis of the data collected by the Department shows that an Idaho-

specific BAF for inorganic arsenic is low. That finding is reinforced by the Montana data. Looking at paired 

Idaho data, there is a strong indication that inorganic arsenic concentrations in fish are independent of 

inorganic arsenic concentrations in water. A 15 ug/L fish consumption only criteria can be derived using 

an Idaho-specific BAF of 0.53 L/kg combined with the Department’s standard assumptions to derive 

human health criteria for fish consumption only. Those assumptions include consumption of 66.5 grams 

of Idaho fish by a person weighing 80 kilograms, for every day of the year, for every year of his or her 

entire lifetime, and an allowable risk of 1x10-5. Using those assumptions and the current cancer slope 

factor for arsenic of 1.5 (mg/kg-day)-1 results in a fish consumption only criteria of 15 ug/L for total 

arsenic. A criterion of 15 ug/L is protective of human health, and achievable for the vast majority of 

Idaho’s waters.   
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