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INTRODUCTION 

The question has been asked: Is it reasonable for the State of Minnesota to set 
an upper limit of 10 mg/l (ppm) sulfate ion for waters having natural stands of wild 
rice and receiving an industrial effluent containing sulfates. The limit referred to 
is in Section (d) (4) (A) of "Criteria for Classifications of Interstate Waters etc. lI • 

The specific situation is discharge of wastewater containing sulfates from the Clay' 
Boswell Steam Electric Station at Cohasset, ~1innesota. This station is operated by 
the Minnesota Power and Light Company. The Company considers the 10 ppm limit 
"unreasonable" and retained Dr. J.M. Stewart of the University of Manitoba, who has 
prepared a report on the situation. 10 ' 

As a matter of background, the 10' ppm limit was placed in the Critera fo"llowing 
a telephone call to me from someone (1 do not remember whom) in the P.C.A. inquiring 
.about water quality and wild rice. I said that there were no large and important 
natural and self-perpetuating wild rice stands in Minnesota where the sulfate ion 
content exceeded 10 ppm. 

This is true, but it does not mean that there are no stands in which sulfates, at 
least at times, are higher. The upper limit for self-perpetuating stands in Minnesota 
appears to be about 40 ppm, with most of them usually below 10 ppm. The attached bar 
diagram (Figure 15 from a 1965 manuscript report by Mr. Roy Nelson of Minnesota D.N.R.) 
illustrates this. It ,is based upon field surveys by D.N.R. personnel of 283 lakes in 
which wild rice was found. It will be noted that about 90 percent of the areas with 
wild rice (mostly lakes) had waters in which the sulfate ion concentration was 10 ppm , 
or less and that no "heavy yield" stands were found above 50 ppm. 
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A perti,nent question is: Is the relationship between sulfate concentrations and , 
wild rice cause-and-effect or coincidental, with both related to one or more other 
conditions? This is not easily answered for it probably entails both concentrations of 
sulfates with associated ions, such as calcium and magnesium, are not themselves toxic 
in the sense that they kill aquatic plants directly. At higher concentrations (several 
hundred ppm) sulfates probably have an adverse osmotic effect, upsetting absorptive 
and wa~er-regulating systems of the plant. For example, it has been found that along 
the Atlantic coast, wild rice does not grow in brackish waters where the salinity 
exceeds 400 ppm~2 Also it does not grow in North Dakota waters that have a high con­
centration of dissolved salts '(carbonates, sulfates, and chlorides)~l 

Sulfate salts, however, differ from carbonates and chlorides in that the sulfate 
ion can be reduced by bacteria to hydrogen sulfide. This occurs under anaerobic 
conditions, either in water or in bottom soils. Hydrogen sulfide is a toxic gas and 
in water has long been known to be toxic to fish at low concentrations (under 1 ppm). 
There is a general rule among fisheries workers that if you can smell it in a water 
supply, there is too much. 

In recent years careful analytical work at the University of Minnesota by Dr. Lloyd 
L. Smith and his graduate students has shown it to be toxic to fish eggs (walleye and 
northern pike) and to small crustacean or "scud" (Gammarus) in concentrations of less 
than 0.3 ppm~ ,2,7 A level of less than 1/10 of this (about a~a2 ppm) is considered 
to be "safe". 

Similarly, hydrogen sulfide has recently been found to be toxic for domestic rice 
(aryza sativa) in paddies of southern United States when concentrations are about 0.1 

ppm in paddy soils~ Here an interesting and important relationship has been found. 
Hydrogen sulfide can be and often is, utilized by the anaerobic bacterium (Beggiatoa) 
and thereby removed from the soil, benefitting the rice. -In turn the rice roots give 
off a substance that benefits the bacteria. 

It has also been found ' by Smith and his students that little or no hydrogen sulfide 

is given off by submerged inorganic soils (such as sand and gravel) and that it is removed 
and dispersed byf10wing water. 

WL Ex. 21 (MesabiAppeal) 
Page 3 of 7



WL Ex. 21 (MesabiAppeal) 
Page 4 of 7



REFERENCES 

1. Adelman, I.R. and L.L. Smith, Jr., 1970. Effect of hydrogen sulfate on northern 
pike eggs and sac fry. Trans. Am. Fish. Soc. ~ (l): 501-509. 

2. Colby, P.J. and L.L. Smith, Jr., 1967; Survival of walleye eggs and fry on paper 
fiber sludge deposits in the Rainy River, Mn. Trans. Am. Fish. Soc. 
96 (l): 278-296. - - -- -

3. Maderak, M.L. 1963. Quality of waters Minnesota, 1955-62. Minn. Dept. Cons., 
Div.Waters. - Bull. 21: 104 pp. 

4. Moyle, J.B. 1944. Wild Rice in Minnesota, Jour. Wildl. ~t. ~ (l): 177-184. 

5. Moyle, J.B. 1945. Some Chemical factors influencing the distribution of aquatic 
plants in Minnesota . . Am. Midl. Nat. 34 (2) : 402-420. ---- - , -

6. Moyle, J.B. 1956. Relationships between the chemistry of Minnesota surface waters 
and wildlife management. Jour. Wildl. Mgt. 20 (l): 303-320. 

7. Oseid, D.M. and L.L. Smith, Jr., 1974. Chronic toxicity of hydrogen sulfide to 
Gammarus pseudolimnaeus. Trans. Am. Fish. Soc. 103 (1): 819-822. 

8. Pitts, G., A.I. Allam and J.P. Hollis, 1972. Beggiatoa occurrence in rice 
rhizosphere. Science 178 (4064): 990-992. 

9. Reedstrom, D.C. and R.A. Carlson, 1969. A biological survey of the Pelican River 
Watershed, Becker, Clay, and Ottertail Counties. Minn. Dept. -Cons. 
Sect. Tech. Servo Spec. Pub. No. 65, 117 ,rp. and map. 

10. Stewart, J.M., 1975. A review of the effects of sulfate ion concentration on wild 
rice distribution. Rept. prepared for Minnesota Power and Light Company. 

11. Stewart, R.E. and H.A. Kantrud, 1972. Vegetation of pralne l potholes in relation 
to quality of water and other environmental factors. USGS. Prof. ~. 
585-0: 36 pp. 

12. Anderson, R.R. et ~., 1968 Water quality and plant distribution along the Upper 
Patuxent River, Maryland. Chesapeake Science ~ (l): 145-156. 

WL Ex. 21 (MesabiAppeal) 
Page 5 of 7



WL Ex. 21 (MesabiAppeal) 
Page 6 of 7



• 

\, ' 

! .. j 

SUHFACE WATER Cm:I'vIlS,TUY AND.WILDLIFE MANAoEMEN'r-Moyle 309 

' .. 

FIGURE 11 . 

FIGURE 19 

LAKE TROUT , 
AND 

'GERMAN CAli .. 

l~I!l, Hi, Gelll~ I'IlIi7.,,(1 pi;lnt geography uf MinneROIJl" FlO, 17, Aqnatic noms of Minnesoln, Dllla from 
I\loyle (J!J4fi), l?w, 18, Geueralized original distrilml,ioll of fish nssociat,ions, FlO , 1!l, H,angcs of lake 

trout !lnll German carp, SoHlI line is principal runge; broken line is limit of runge, 

' evcr, Iii Inost'Miiiil('.~OtiL ', ,,,:itcl's .' h~ f slight. ' '(:l1rQQn~tc in pUrc water. is soluhle ,to' the 
Sei.;ond, it 'shoi,lIi.r be i l'clliClhhbred :tliat i al-' 'hmotint ,0(385 ;pj:JIl1 ' iit' 59°11': (Chtrj{~,' : 1924, 

'thotfgli total 'alkaliii'ityis ;eXI))'d~s'ed , niI"call ' i;p;:'::131).l' 'v1i'il~; ealCii'irh ' mono~nrfibml,te is 
" cWm 'earboniitcj :a b6nsicWal;rc,LjpQttioiloL'1 s~hi blc ,to' th6 'exteqt, :gC I4.'ppm at I ~7°F . 
. :thc 'carliohat.cs ril'ay bclai\d ':'O'ft.tih dis"assbci- " (Hodgrril1'ri~ 1937). "'So'metirm!s', ' hO'\vever 

atcd with metallic ions other than calcium; higher analytical results mn.y be obtained 
espccially with magnesium. Cl1ldum bi- because of sllspension of Iimey material . 
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