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The draft proposal is to replace a single permitted limit for [Sal] in all surface waters 

used for wild rice production with a single permitted limit for [52-] in the sediments 
below wild-rice waters. This is conceptually sound, in that the range of [SO {] that is 

found in most of the relevant fresh water bodies has no important direct effect on wild 
rice growth or reproduction, while the range of [52-] that is found in the sediments does 
have these effects (although some good wild rice stands seem to tolerate high [52-]). The 
Agency proposes to regulate [Sal] at different limits for different water bodies so as to 

hold back the potential buildup of sediment [52-]. These "safell [Sal] are inferred from 

the local sediment content of reactive Fe and organic C, each of which varies. Despite 
the conceptual soundness, I believe that the draft proposal does not make the case for 
its new regulatory standard. A great deal of information was amassed in the study 
behind the proposal, and there may be potential to use it to formulate a better proposal. 

At this point it should be noted that "This research was intended to inform an 
evaluation of the existing wild rice sulfate standard." (first paragraph, Preliminary 
Analysis summary document). There has been some confusing communication on this 
front: "For the past several years, the MPCA, researchers, and many varied individuals 
and organizations have been engaged in gathering data and developing a basis for 
revising this standard." (second paragraph, Sulfate Standard to Protect Wild Rice lead 
web page). This could lead many readers at this public comment stage to believe that 
the whole process was supposed to come up with a revised (Le., new) sulfate standard. 
I believe that a new standard is not the default position, but that the existing standard is 
the default position. 
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My comments on the proposal itself center on these points: 
1) the proposal redefines "protect wild rice" into a much weaker sense than that of the 
existing standard 

2) the statistical model of the relationship among [SOl], [52-], [Fe], and [C] does not 

agree with [52-] observations to a degree adequate for regulation; I address some of the 
possible reasons for this below 

3) results of a test of the model referred to in 2) against other observations were not 
included, giving the impression that such a test was not performed; the actual 
predictive ability of the model is not presented 

4) there is an assumption that reactive Fe in sediments would continue to precipitate 52-

indefinitely if regulatory application of the model were to allow [SOl] to be increased, 

but evidence to support this is not given 

5) sediment [reactive Fe} and [organic C] have high spatial variability within a given 
water body. 

The existing standard 
The choice to use 10 ppm (10 mg/L) as the permitted standard for [SOl] was based on 

refereed journal papers in which John Moyle (1944, 1956) stated that he had found no 
"large stands" of wild rice in Minnesota where [SOl-] > 10 ppm in the surface water. 

Moyle (1944) stated that wild rice "generally is absent" where [SOl] > 50 ppm. Moyle 

(1945) stated that the narrower-leaved, shorter form of wild rice (which he called 
Zizania aquatica variety angustifolia) was "usually lacking" where [SOl] > 50 ppm, with 

Zizania aquatica in the more general sense able to "commonly occur" where [504
2-] > 50 

ppm. The taxonomy of Zizania has since been revised (Terrell 2007). Terrell's Zizania 
palustris variety palustris appears to overlap greatly with Moyle's Zizania aquatica variety 
angustifolia. Terrell (2007) described Zizania palustris variety palustris as "often forming 
extensive stands in northern lakes", but did not make any such statement for the other 
Zizania taxa. Zizania palustris variety interior, taller and wider-leaved (Terrell 2007), 

appears to overlap greatly with Moyle's Zizania aquatica in the more general sense 
(Moyle 1944, 1945). It is my interpretation that Moyle's 10 ppm figure applies mainly to 
Zizania palustris variety palustris, but herbarium vouchers from Moyle's work would 
have to be scrutinized to try to judge this better. 
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Moyle did not claim to know the mechanism that apparently reduces wild rice 
abundance in the presence of higher [SOt]. Moyle did not state that 10 ppm would be 

protective for all stands, or even all "large stands". He was simply calling attention to 
what he saw as a general geographic pattern. Table 1 in Moyle (1945) provides his 
observed [SOl-] ranges and medians for his two forms of wild rice. The opportunity 

presented by the MPCA study includes better objective quantification of wild rice 
abundance than Moyle communicated verbally, and possible examination of influences 
of a suite of variables in addition to [SOt]. 

1) The proposed level of protection 
The draft proposal changes the definition of "protect wild rice" to be more like it would 
have been if Moyle's 50 ppm had been used for the existing standard. The existing 10 
ppm standard may be viewed as protective for many of the "large stands". The draft 
proposal may be viewed as protective of "presence" of wild rice at a low density (2 
stems/m2). Is that a low density? Consider my depiction of the frequency distribution 
of the wild rice density values in the MPCA field survey (Schimpf Figure 1). We do not 
know what wild rice abundance numbers correspond to Moyle's "large stands", but it is 
safe to infer that they are well above 2 stems/m2, the upper density limit of the lowest 
1/8th of the stands in the recent survey (Schimpf Figure 1) and the basis for the 
proposed standard. The draft proposal would allow any of the non-zero-density stands 
to be potentially reduced in abundance through elevated sot release if they have 

enough reactive Fe and not too much organic C. 

I believe that density estimates made by counting stems within fixed-area frames are 
better quantification of wild rice abundance because they will be more consistent 
among different field observers than visual cover estimates will be. This is well-known 
in the field of ecology. There is a large range of cover estimates for any given density 
(Schimpf Figure 2). In addition to differences in judgement among observers, some of 
this scatter in cover may arise from the time of growing season when the stand was 
visited, and some may arise from the presumed tendency for Zizania palustris variety 
interior to produce more cover per stem than Zizania palustris variety palustris does. 

The draft proposal highlights its major change as being to try to regulate sediment [52-] 

based on site-specific conditions, instead of [SOl-] in all overlying waters, but does not 

call attention to its major change in the abundance level of wild rice that is to be 
protected. This is probably the most crucial aspect of the draft proposal. 
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Schimpf Figure 1. Cumulative frequency plot of wild rice population density, in 
increments of 2 stems/m2, among the 123 MPCA field survey stands in Minnesota lakes 
and streams that had: wild rice present anywhere on the site, and both cover and 
density data for wild rice, 2011-2013. Commercial wild rice paddies excluded. The 
black arrow points to the proportion of all of the stands that had mean densities of 2.0 
stems/m2 or less. Data source: Wild_field_survey_updated_Feb_6_20l5.xlsx 
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Schimpf Figure 2. Wild rice stem-density and shoot-cover estimates in the 123 MPCA 
field survey stands in Minnesota lakes and streams that had: wild rice present 
anywhere on the site, and both cover and density data for wild rice, 2011-2013. 
Commercial wild rice paddies excluded. Same data source as Schimpf Figure 1. 
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2) The model of sediment chemical dynamics 
The scatter in Figure 9 of the Detailed Proposal indicates to me that there is not strong 
enough agreement between the result calculated by Equation 1 of the Detailed Proposal 
and the corresponding observed value of porewater [52-] from the field survey. 
Remember that both of the axes of Figure 9 are log-scale, so that differences between 
modeled and observed would look larger on an arithmetic scale. 

• One reason for the lack of close agreement may be that [organic C] is a somewhat 
crude variable for quantifying potential activity by sulfate-reducing bacteria. This 
variable aggregates a huge range of organic compounds, which vary greatly in their 
usefulness to sulfate-reducers. Sulfate-reducers appear to rely on small organic 
molecules, from what I have read. Consultation with sulfur-bacterial biologists would 
be needed to identify better variables, which are likely not already in the data set. 

• A second possible reason is that the modelling performance may be better if sediment 
[organic C] and [reactive Fe] were quantified by sediment volume or porewater volume 
instead of by sediment mass. The relationship between sediment mass:volume (= bulk 
density) and [organic C] is strongly non-linear at lower levels of [organic C]: 

.2.1 

Q ........ H ••••••••••••••••• , . :: ... : .... ~ ... ". : ...... " ." 

o 30 90 
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From Avnimelech et al. (2001). 
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From Menounos (1997). 

Given this wide variation in bulk density, I expect that wild rice roots occupy a much 
more consistent volume of sediments than mass of sediments across a range of sites. 
Within that sediment volume, the roots are bathed in a certain volume of pore water, 
which varies with % TOe (Schimpf Figure 3). Bulk density declines from 0.5% to 5% 
TOe because of increased porosity, as well as from the partial displacement of mineral 
matter (with its higher specific gravity) by organic matter. Greater porosity brings with 
it higher water content. 

For the sediments of Schimpf Figure 3, volumetric water content increases non-linearly 
by 57% in going from 0.5% to 5% TOe, then nearly levels off. This changes the ratios of 
e and Fe to porewater volume, and may dilute porewater [S2} Higher porosity also 
tends to facilitate faster diffusion of dissolved substances (e.g., SOt, S2- and O2) through 

the sediment and in t%ut of it (e.g., Iversen and Jmgensen 1993). 

My assumption for Schimpf Figure 3 (and thus for Schimpf Figure 4) that organic 
matter = 2 x organic carbon is possibly way off, given the considerable uncertainty 
about this multiplier (Sutherland 1998). It may be possible to get volumetric 
concentrations empirically from the wild rice field survey data if the latter include 
sediment core total volume and core total dry mass. It appears that the water content of 
the sediment cores was measured. The bulk densities used for Schimpf Figures 3 and 4 
are for general illustration only, not specific predictions for wild rice stands; there is 
vertical scatter in the plots above, and empirical bulk densities for sediments of some 
wild rice stands may be much lower than 0.35 g/em3 (top 20 em, Day and Lee 1989). 
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Schimpf Figure 3. Estimated water contained in sediments in relation to sediment 
gravimetric total organic carbon (TO C) concentration, within the range 0.5% - 10% TOe. 
The vertical axis displays the volume of water per volume of sediment in situ. The plot 
assumes: that sediment dry bulk density drops as 1.828 - [0.375 x In(10x %TOC)] g/crn3 

from 0.5% to 5% TOC and then levels off at 0.35 g/crn3 above 5% TOC, that mass:volume 
concentration of organic matter (g/cm3) = dry bulk density x 2 x % TOC (gravimetric)/ 
100, that mass:volume concentration of mineral matter (g/cm3) = dry bulk density -
mass:volume concentration of organic matter (g/crn3), that the specific gravity of organic 
matter is 1.5 g/cm3, and that the specific gravity of mineral matter is 2.7 g/crn3. The sum 
of the calculated volumes of organic matter and mineral matter is then subtracted from 
1.0 crn3 to produce mL water. This assumes that none of the pore space is occupied by 
gas bubbles. 

With these calculated values, the amount of mineral matter and organic carbon per 
volume of sediment pore water can be approximated (Schimpf Figure 4). The actual 
grams TOC per mL has been multiplied by 10 to make it more visible on this scale. 
Here the relative concentration of mineral matter drops precipitously as TOC rises from 
0.5% to 5%. This is because the volume of water is rising relatively rapidly as TOC 
increases toward 5%, and concomitantly the mineral mass is a gradually declining 
percentage of a steeply declining total sediment mass. Above 5% TOC, the rate of 
decline slackens. TOC/mL rises sluggishly as TOC rises toward 5% because it is a 
gradually increasing percentage of a steeply declining total sediment mass, diluted by a 
greater volume of pore water; above 5% TOC, TOC/mL rises more steeply. 
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Schimpf Figure 4. Estimated masses of mineral matter and Toe per volume of pore 
water in relation to sediment gravimetric total organic carbon (TOe) concentration, 
within the range 0.5% - 10% TOe. TOe mass/cm3 = dry bulk density x % TOe/l00. 
Mineral mass/cm3 = dry bulk density - TOe mass/cm3• Both mass:volume 
concentrations were then divided by the corresponding mL water/cm3 sediment, as 
calculated for Schimpf Figure 3. 

For sediments with a fixed proportion (e.g., 3%) of Fe in the mineral mass, the trend for 
sediment Fe (not all of which is reactive Fe) per mL pore water would show the same 
shape as the mineral line in Schimpf Figure 4, albeit on a different scale. Schimpf 
Figures 3, 4, and 5 (below) show responses to changing the TOe content of what is 
otherwise the same sediment, and the substitution of TOe for mineral in them made 
necessary by the conservation of mass does not invalidate the observation that 
gravimetric concentrations of TOe and reactive Fe may show no covariance across sites 
in the field survey (p. 15, Detailed Proposal). 

For comparison, we can plot the trends for the strictly gravimetric concentrations of 
Toe and mineral in the sediment (Schimpf Figure 5), which were used to develop the 
model for the proposed standard. 

The study's use of the approach shown in Schimpf Figure 5 makes the (apparently tacit) 
assumptions that the ratio of sediment mass to porewater volume is fixed, and that the 
ratio of sediment mass to the sediment volume occupied by roots is fixed. But we see 
in Schimpf Figures 3 and 4 that mass:volume concentrations of carbon, mineral, and 
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Schimpf Figure 5. Gravimetric concentrations of Toe and mineral matter in the total 
sediment mass, within the range 0.5% - 10% TOe. With rising % TOC, grams of 
minerals declines at twice the rate of rise in grfu"11S of TOC, because it is assumed that 
grams organic matter = 2 x grams TOe. 

water change in somewhat complex ways with differences in gravimetric carbon. If we 
were trying to understand processes in the water column, we would use the amounts of 
the important substances suspended or dissolved per mL. That same approach should 
be used for trying to understand processes influencing [S2-] in pore water. 

I am not able to knowledgeably conjecture how much difference switching to empirical 
volumetric expressions would make for the performance of a predictive model. 

-Third, as others remarked previously, the ability to model porewater [S2-] may be 
enhanced by including data for other variables, especially inflow rates (i.e., sediment 
flushing rates) of ground water and any Fe, SO/, N03-, and 02 dissolved in the 

inflowing ground water. Groundwater data are not already available for the field 
survey sites. Adding these data does not appear to be a near-term option. 

- Fourth, the model may agree more closely with observations if it were developed from 
only the data associated with higher-abundance stands. If higher-abundance stands are 
what have been protected best by the current standard, then the model could focus on 
predicting porewater [S2-] for that more restricted range of sites. 
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• Fifth, the model may agree more closely with observations if it considers non-linear 
relationships among the variables. I infer that linear relationships were used 
exclusively, because of the tight agreement between the SEM and the multiple linear 
regression model for calculated [S2-] (Figure 8, Detailed Proposal) and because the SEM 
was described as "essentially linked linear regressions" (p. 11, Detailed Proposal). 
Perhaps non-linear approaches were tried but abandoned(?) 

3) Testing of the model of sediment chemical dynamics 
The proposal evaluates the performance of Equation 3 with only the data used to 
develop Equation 3 (Figure 9 in Detailed Proposal). This is not the same thing as 
prediction of porewater [S2-] from [SOt], [reactive Fe], and [organic C]. Predictive 

power needs to be ascertained with data not used to run the modeling process. One 
way to do this would be to drop one site from the field survey set, develop a model 
with data from all remaining sites, then use that model to predict porewater [S2-] of the 
site that was dropped from model development. This can be done seriatim with each 
site in the set. If using a similar SEM, the coefficient and exponents will change a little 
for each new data subset, but the basic structure of the model should be kept the same. 
The porewater [S2-] output of each equation can then be compared to the observed 
porewater [S2-] for the corresponding "unknown" site, and the success of prediction for 
the whole set of points can be evaluated. 

4) The assumption of non-depletion of reactive Fe 
The proposal assumes explicitly that [reactive Fe] is stable over the long term (p. 10, 
Detailed Proposal). This may be true only in places where [SO ,t] has existed at levels 

where the initial mass or rate of renewal of reactive Fe in the sediments has been 
sufficient to keep Fe scavenging free S2- efficiently and precipitating it into iron sulfides 
(or where high [Sat] has already exhausted all reactive Fe). The renewal could come 

from dust and debris entry, ground water, surface water and sediment from upstream, 
local upland runoff, or within-sediment chemical changes. If the draft proposal were 
implemented and [SOl-] were allowed to rise at certain sites, some of those sites may, 

with further time, deplete their reactive Fe. A decision to allow higher [SOl-] at those 

sites would look vindicated for a while, but become inadvised with further time. The 
Peer Review Draft states that "it likely takes multiple years for available iron to become 
depleted" (p. 44, line 1052); "multiple years" does not necessarily mean a large number 
of years. Some longer-term field experiments with elevated [SOl-] may provide the 

needed evidence. 



Schimpf comments, p. 11 of 13 

5) Spatial variability in sediments 
Figure 14 of the Detailed Proposal gives some notion of how varied [reactive Fe] and 
[organic C] are across space within the same site. Remember that the figure displays 
these on log-scales. This great within-site spatial variability suggests that trying to 
calculate a meaningful protective [Sot] limit for a single water body will be costly 

because many sediment samples will be needed. 

What if we were to apply Equation 4 to only the robust stands of wild rice? 
If the objective is to protect stands of rice that are much like the stands for which the 
current standard is most protective, we can perform the following exercise. Assume for 
the moment that stands in the top half of abundance (at least for the years of the survey) 
are the most important ones for human gatherers and to a lesser degree for wildlife, as 
well as for plant community conservation. From the field survey data, /ltop half" means 
~ 46.0 stems/m2 (arithmetic mean) or ~ 39.8 stems/m2 (median). These can be plotted 
against the porewater [S2-] that was measured at their locations (Schimpf Figure 6). 

Whether we use the mean or the median of density, when the porewater [S2-] frontier of 
0.04 mg/L is reached after moving rightward from 0.01 mg/L, the number of stands has 
dropped by at least 10% (Schimpf Figure 6). We calculate Equation 4 (Detailed 
Proposal) with 40 micrograms sulfide per liter as the EClOI which changes the coefficient 

in Equation 1 (Detailed Proposal) from 0.0000136 to 0.000000223. This would multiply 
the [SOl-] figure for each isopleth in Figure 10 (Detailed Proposal) by 0.0164 

(=0.000000223/0.0000136); e.g., the 256 ppm isopleth in the bottom right of Figure 10 
would become 4 ppm. Of course the result would almost certainly vary from this if the 
SEM were developed using data from only these top-half stands, which would produce 
a SEM with different coefficient and exponents. 

Comment on Draft List of Wild Rice Waters 
Mt. Maud Wetland (object ID 1123) is correctly tabulated as being in Cook County, but 
the LON/LAT is quite incorrect, and the map positions it in Koochiching County. 

General Comments 
• More than almost any other form of life in Minnesota afforded some protective 
measures by the State, its Zizania palustris variety palustris has national significance. In 
the United States, Minnesota is the center of extensive self-sustaining natural stands 
with frequent high abundance (the wild rice marsh, possibly globally vulnerable 
(G3G4), of Faber-Langendoen 2001), with only the Kakagon and Bad River Sloughs in 
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Schimpf Figure 6. From 121 PCA field survey stands, Minnesota lakes and streams that 
had: wild rice present anywhere on the site, wild rice density data, and porewater 
sulfide data, 2011-2013. Commercial wild rice paddies excluded. Where [sulfide] was 
reported as "<0.011" it was converted to 0.01. ">mean" indicates stands with sample 
mean of 46.0 or more Zizania stems/m2; ">median" indicates stands with sample mean 
of 39.8 or more Zizania stems/m2• The vertical axis shows the number of stands at or 
above the corresponding sulfide concentration. Data source: 
Wild_field_survey _updated_Feb _6_2015.xlsx 

Wisconsin being of comparable importance. The State has a wider-than-usual 
responsibility here that must be addressed when considering revision of the sulfate 
standard. 

-The field survey data are important for considering a possible revision in the standard 
because the field stands reflect genetic variation and variation in levels of 
environmental factors other than [SOl], and are the result of the operation of these 

influences over a longer time. The results of the mesocosm studies are useful for 
showing the results of manipulations of [SOl] in conditions much like those of some of 

the field sites. The mesocosm studies use what is likely a more limited genetic range 
and do not give us direct longer-term effects of differences in [SOl]. However, the 

reduction in mean seed size and in seedling survival that were seen with higher 
mesocosm [SOl-] (pp. 21-22 in Pastor_Mesocosm_report.pdf) should not have been 

ignored in the Detailed Proposal. Such trends could easily lead to continuing 



Schimpf comments, p. 13 of 13 

reductions in wild rice abundance as the effects of years of an elevated [SOl] accrue. 

Thus, the mesocosm results have longer-term relevance. 

• Page 17 of the Detailed Proposal calls a single value of [SO l-] "not an appropriate 

tool" for different water bodies. In a strict toxicological sense that is correct, but until 
porewater [52-] can be predicted well in those bodies, we lack a sufficient basis for 
changing the standard. 
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