
WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

W4TER


PROJECT COMPLETION 

REPORT NO. 390X 

Supplement Report 

Chemical and Sediment

Movement from

Agricultural Land

Into Lake Erie


G. 0. Schwab 
Department of Agricultural Engineering 

E. 0. McLean

Department of Agronomy


The Ohio State University

1973


United States Department 

of the Interior 

CONTRACT NO.


A-018-OHIO


State of Ohio 
Water Resources Center 

Ohio State University 

WATER




CHEMICAL AND SEDIMENT MOVEMENT

FROM AGRICULTURAL LAND INTO LAKE ERIE


SUPPLEMENT REPORT


Project 39OX

June 30, 1972 to Sept. 30, 1972

(Data for calendar year 1972)


Principal Investigators


G. 0. Schwab E. 0. McLean 
Professor Professor 

Department of Agricultural Engineering Department of Agronomy 

THE OHIO STATE UNIVERSITY

Columbus, Ohio 43210


WATER RESOURCES CENTER

Engineering Experiment Station


The Ohio State University


OFFICE OF WATER RESOURCES RESEARCH

U.S. Department of the Interior


Allotment Project

No. A-018-0HI0


November, 1973




LIST OF TABLES


Page


Table No. Title No.


*1 . Fertilizer and Pesticides Applied to Field Plots . . 2


* 2 . Rainfall and Runoff From Field Plots 3


*3* Plant Nutrients, Sediment, and Dissolved Solids

in Tile Effluent 5


* 4 . Plant Nutrients, Sediment, and Dissolved Solids


in Surface Runoff 7


*5. Pesticide Losses in Tile Effluent, 1972 9


*6. Pesticide Losses in Surface Runoff, 1972 . . . . . . 10


* 7 . Electrical Conductivity and pH of Tile Effluent . . 12


* 8 . Electrical Conductivity and pH of Surface Runoff . . 13


9.	 Concentrations and Estimated Amounts of Heavy

Metals in Drainage Water 14


Note: ^Tables correspond to the same Table numbers in the

Completion Report (See Schwab and McLean, 1972)




-1


INTRODUCTION


This supplemental report includes field measurements and water

quality data for the calendar year 1972 which were not included in

the project completion report by Schwab and McLean (1972). A more

condensed paper was prepared by Schwab, et al. (1973). Water sampling

and analyses were continued in 1972 as described in the above reports.

Four-year averages (1969-72) and those for 1972 have been included,

but not the yearly averages for 1969, 1970, and 1971. The tabulated

data in this report have been given the same table numbers as in

Schwab and McLean (1972),


PROCEDURES


The field installation in 1972 was operated similar to that in

the previous three years, except that the crop was changed from con

tinuous corn to oats. The surface-drained plots were not planted in

1972 because of excess wetness, but weeds were controlled giving a

nearly bare soil during the entire year. One 3-inch irrigation was

applied to all plots between June 8 and 12. Amounts of fertilizer

applied are shown in Table 1. The tiled plots received a slightly

higher amount of fertilizer than the surface-drained plots. No

pesticides were applied in 1972.


All plots were plowed and land graded in August 1972. Alfalfa

was planted in September, but It was nearly all killed by excessive

wetness before the end of the year.


Samples of tile effluent and surface runoff were analyzed for

heavy metals during the period April 19 to May 11, 1972. These anal

yses were performed by the Laboratory for Environmental Studies at

the Ohio Agricultural Research and Development Center. Aluminium was

determined by a wet chemistry method, a modification of that of

Chenery (19^8). Other metals were analyzed by direct atomic absorption

with acetate and air flame calibrated with a standard for each metal.


RESULTS


Precipitation for the growing season, March 1 to Sept. 30, 1972,

was 11.6 inches greater than the 60-year average, and the annual

amount was 12.3 inches greater than the average. As shown in Table 2,

1972 precipitation was more than tyO% greater than in any of the

previous three years. Tile effluent and surface runoff were likewise

higher than in any of the previous three years. These high flows were

caused by a combination of high precipitation and high soil moisture
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Table 1. 

F e r t i l i z e r and Pesticides Applied to Fie ld Plots 

Material 

Nitrogen - N 
Phosphorus  P 
Potassium - K 

Purpose 

F 
F 
F 

1969* 

207 
30 
56 

Ac t i ve 
in lbs 

1970* 

151 
44 
28 

1 ngred 
. per . 
1971* 

115 
30 
56 

ients 
acre 

1972 

3 
153 
287 

Avg. 

119 
65 

107 

Atrazine 
Dicamba 
Paraquat 

we 
we 
we 

3.2 
0.125 
0 

3.4 
0.125 
1.0 

3.6 
0.114 
0 

0 
0 
0 

— 

Aldr in 
Heptachlor 

1 
1 

0 
1.8 

4.6 
2.0 

0.8 
1.14 

0 
0 

— 

Note: F - fe r t i 1 i ze r ; WC-weed con t ro l ; l - i nsec t i c ide . 
Act ive ingredients: At raz ine, 80%; dicamba, 4 l b s / g a l . ; paraquat, 

2 l b s / g a l . ; a l d r i n , 42%; heptachlor, 23%. 

* Conventional t i l l a g e on ly . 
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Table 2.


Rainfall and Runoff From Field Plots


Depth in Inches

Source and Period 1969 1970 1971 1972 Avg.


RAINFALL (all plots)

March 1 to Sept. 30 *21 • 59 23 .26 17 • 77 33 .67 24 .07 
Annual *30 .14 32 .22 27 .14 45 .36 33 .72 
Annual including irrigation *33 .14 38 .22 33 .14 48 .36 38 .22 

IRRIGATION (all plots) 3-00 6.00 6.00 3.00 4.50 

TILE EFFLUENT 
Mar. 1 
Annual 

to Sept. 30 *7.82 
7.99 

5-32 
6.28 

2.12 
2.26 

9.20 
13.43 

6.12 
7.49 

Annual including irrigation 10.71 9.40 4.74 14.48 9-83 
From i rrigation only 2.72 3.12 2.48 1.05 2.34 

SURFACE RUNOFF 
March 1 to Sept. 30 *5.95 5.86 1.93 8.10 5.46 
Annual 6.33 6.05 3.46 13.03 7.22 
Annual including irrigation 8.58 9-91 6.43 14.34 9.84 
From i rrigation only 2.25 3.86 2.97 1.31 2.60 

*	 Does not include rainfall or runoff from a storm of 11.65 inches on

July 4-5 during which all effluent and runoff records were lost. For

this storm flow losses were estimated roughly as 7.0 inches for tile

effluent and 10.0 inches for surface runoff.




especially during the last half of the year when all plots were bare

of vegetation.


Sediment, Total Solids, and Plant Nutrients in Drainage Water


Sediment, total solids, and plant nutrient losses in the tile

effluent and in surface runoff are given in Tables 3 and 4, respec

tively. The values for 1972 were from two replications, whereas

the data from the previous three years were from one conventional

tillage plot only. The growing season averages were for a four-year

period (1969-72), whereas the annual values were three-year averages

(1970-72) because data were not collected during the first 3 months

in 1969- The 1969 values (ions) include only those in the water and

not those attached to sediment.


The annual tile effluent losses (total in water and on sediment)

from natural precipitation were greater in 1972 than in any previous

year for all materials shown in Table 3. Sediment loss was 4,822 lbs.

per acre in 1972 which increased the average from 292 lbs. per acre

to 1,802 lbs. per acre over the 3-year period, 1970-72, an increase

of 84% based on the 1970-72 average. Similar percentage increases

were 42% for total solids, 45% for bicarbonates, 12% for nitrogen,

50% for phosphorous, 84% for potassium, 60% for chlorine, 35% for

sodium, and 52% for sulphates.


The annual surface runoff losses (total in water and on sedi

ment) from natural precipitation were greater in 1972 than in any

previous year for all materials listed in Table 4, except for nitrogen,

phosphorous, and calcium. Sediment loss was 8,078 lbs. per acre in

1972 which increased the average from 1,126 lbs. per acre to 3,443

lbs. per acre for 1970-72, an increase of 68% based on the 1970-72

average. Similar percentage increases were 49% for total solids,

33% for bicarbonates, 36% for chlorine, 73% for potassium, 15% for

sodium, and 28% for sulphates. Percentage decrease for nitrogen was

7%, calcium 10% and phosphorous 20%. In the tile effluent the above

three nutrients showed an increase rather than a decrease from previous

years (see Table 3).


Pesticides in Drainage Water


Pesticide losses in 1972 are shown in Tables 5 and 6 for tile

effluent and surface runoff, respectively. Since no pesticides were

applied in 1972, losses are given in lbs. per acre rather than the

percent applied as was done in previous years (Schwab and McLean, 1972)

Weighted average concentrations are given for comparison with previous

years. All of the losses were insignificant, none being more than 7%

of the average concentration in previous years. These low values may

have been due to contamination or errors in measurement. Paraquat

and dicamba concentrations were zero.




Table 3.


Plant Nutrients, Sediment, and Dissolved Solids


Material

(Source)


SEDIMENT

(Rainfall effluent)

(Irrigation effluent)*


TOTAL SOLIDS**

(Rainfall effluent)

(Irrigation effluent)*


NITROGEN - NOo-N

(Rainfall effluent)

(Irrigation effluent)*


BICARBONATES-HCO3

(Rainfal1 effluent)

(Irrigation effluent)*


CHLORINE - Cl

(Rainfall effluent)

(Irrigation effluent)*


PHOSPHORUS - P

(Rainfall effluent)

(Rainfall effluent &


sediment)

(Irrigation effluent


8- sediment)*


POTASSIUM - K

(Rainfall effluent)

(Rainfall effluent


& sediment)

(Irrigation effluent


S- sediment)*


SODIUM - Na

(Rainfall effluent)

(Rainfall effluent


Sr sediment)

(Irrigation effluent


Sr sediment)*


in Tile Effluent


Loss in lbs. per acre 
Mar. 1 to Sept. 30 Annual 
1972 1969-72 Avg. 1972 1970-72 Avg 

371^ 1691 4822 1802

+ 10 +218


5192 3971 6826 3707

+ 1517 + 1642


23.8 19-6 27.1 21 .8

+0.5 4.0


15^ 121 234 124

+68 + 108


83.O 38.8 119.3 54.1

+ 17.0 + 15.8


1.0 0.5 1.5 0.6


1.6 0.9 2.1 1.0


+0.2 +0.2


9.2 4.4 13.6 6.6


53.6 20.7 77.6 28.9


+0.8 + 1.3


19.4
23.8 20.0 34.5


25.5 17.2 36.7 21-5


+3.4 +6.4
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Tab le 3

Cont inued


Material Loss in lbs. per acre 
(Source) Mar. 1 to Sept. 30 Annual 

1972 1969-72 Avg. 1972 1970-72 Avg 

CALCIUM - Ca

(Rainfall effluent) 235 228 320 215

(Rainfall effluent


& sediment) 248 220 335 252

(Irrigation effluent


& sediment)* + 101 +357 — —


MAGNESIUM - Mg

(Rainfall effluent) 82 83 113 76

(Rainfall effluent


& sediment) 115 78 158 94

(irrigation effluent


& sediment)'1' +64 +79 — -


SULPHATES - S

(Rainfall effluent) 188 152 262 129

(Rainfall effluent


& sediment) 190 104 264 130

(irrigation effluent


& sediment)* +269 +287


*	 Net losses or additions (+) resulting from the irrigation water applied

as shown in Table 2 . Amount in the irrigation water applied was sub

tracted from that in the drainage water resulting from irrigation.


**Sediment plus dissolved solids.
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Table 4.


Plant Nutrients, Sediment, and Dissolved Solids


Material

(Source)


SEDIMENT

(Rainfal1 runoff)

(irrigation runoff)*


TOTAL SOL IDS**

(Rainfall runoff)

(Irrigation runoff)*


NITROGEN - NO3-N

(Rainfall runoff)

(Irrigation runoff)*


Bl CARBONATES - HCOo

(Rainfall runoff)

(Irrigation runoff)*


CHLORINE - Cl

(Rainfal1 runoff)

(Irrigation runoff)*


PHOSPHORUS - P

(Rainfall runoff)

(Rainfall runoff


& sediment)*

(Irrigation runoff


& sediment)*


POTASSIUM - K

(Rainfal1 runoff)

(Rainfal1 runoff


& sediment)

(Irrigation runoff


& sediment)*


SODIUM - Na

(Rainfall runoff)

(Rainfall runoff


& sediment)

(Irrigation runoff


& sediment)*


CALCIUM - Ca

(Rainfall runoff)

(Rainfall runoff


& sediment)

(Irrigation runoff


& sediment)*


in Surface Runoff


Loss in lbs, per acre

Mar. 1 to Sept. 30 Annual

1972 1969-72 Avg. 1972 1970-72 Avg


6854 2717 8078 3443

22 32 —


7593 3739 9055 4565

+1567 + 1017 —


13-9 17.6 16.6 19.2

0.3	 11.6 —


45 27 77 46

+77 +112 —


34.8 24.5 68.7 40.1

+ 17.1 + 12.6 -- —


0.8 0.5 1.4 0.6


1.5 3-3 2.2 3.6


+0.1 0.6 — —


9.4 7.4 16.8 9.2


73.5 31.4 101.2 41 .2


+0.2 2..9 -- -


7-6 6.8 11.6 8.4


9.2 8.5 13.8 10.6


+3.7 +5.5 — —


127 180 175 220


145 224 197 248


+78 +239 -
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Table k.

Continued


Material Loss in lbs. per acre 
(Source) Mar. ] to Sept, Annual 

1972 1969-72 Avg. 1972 1970-72 Avg 

MAGNESIUM - Mg

(Rainfall runoff) 30 48 kO 55

(Rainfall runoff


& sediment) 80 72 102 82

(Irrigation runoff


& sediment)'1- +59 +59


SULPHATES - S

(Rainfall runoff) 1^2 90 17^ H O

(Rainfall runoff


& sediment) 1^5 97 177 Uk

(Irrigation runoff


Sr sediment)- +235 +222


*Net losses or additions (+) resulting from water applied as shown in

Table 2 . Amount in the irrigation water applied was subtracted

from that in the drainage water resulting from the irrigation.


plus dissolved solids.
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Table 5


Pesticide Losses in Tile Effluent, 1972


Pesticide 

ATRAZ1NE 
(Lbs. per Acre) 

(Concentrat ion 
mg/1 x 10~3) 

(Lbs. per Acre) 

PARAQUAT 

DICAMBA 

ALDRiN and DIELDRIN 
(Lbs . per Acre) 

(Concentrat ion 
mg/1 x 10~6) 

(Lbs. per Acre) 

HEPTACHLOR and 
HEPTACHLOR EPOX IDE 
(Lbs. per Acre) 

(Concentrat ion 
mg/1 x 10"6) 

(Lbs. per Acre) 

Sou rce 

Rainfa l1 

Rainfa l1 

* lrr igation 

Rainfall 

Rainfall 

*1rrigation 

Rainfall 

Rainfal1 

*|rrigation 

Mar. 1 to 
Sept. 30 Annual 

0.0192 0.0209 

0.007 0.006 
0.0012 0.0012 

0 0 

0 0 

0.0006 0.0006 

2.7*+ 1.88 

0.0059 0.0059 

0.0004 0.0004 

0.57 0.39 

0.0012 0.0012 

*	 Net losses in drainage water from irrigation. Amount in irrigation

water was subtracted from that in the drainage water to obtain the

net loss.


Note: No pesticides were applied in 1972, hence, losses are expressed

in lbs. per acre rather than per cent of amount applied.as shown in

the completion report for 1969-71.
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Table 6.


Pesticide Losses in Surface Runoff, 1972


Pesticide


ATRAZINE

(Lbs. per Acre)


(Concentration

mg/1 x 10-3)


(Lbs. per Acre)


PARAQUAT


D1CAMBA


ALDRIN and DIELDRIN

(Lbs. per Acre)


(Concentration

mg/1 TO"6)


(Lbs. per Acre)


HEPTACHLOR and

HEPTACHLOR EPOX IDE

(Lbs. per Acre)


(Concentration

mg/1 x 10~6)


(Lbs. per Acre)


Source


Rainfal1


Rainfal1


* 1rrigation


Rainfall


Rainfal1


*lrrigation


Rainfal1


Rainfal1


*|rrigation


Mar. 1 to

Sept. 30


0.0039


0.002


0.002


0


0


0.0003


1.25


0.0032


0.0009


1 .22


0.0025


Annual


0.0043


0.002


0.002


0


0


0.0003


0.78


0.0032


0.0009


0.76


0.0025


*	 Net losses in drainage water from irrigation. Amount in irrigation

water was subtracted from that in the drainage water to obtain the

net loss.


Note: No pesticides were applied in 1972, hence, losses are expressed

in lbs. per acre rather than per cent of amount applied as shown in

the completion report for 1969-71
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Electrical Conductivity and pH


These measurements for tile effluent and surface runoff are

given in Tables 7 and 8, respectively. Electrical conductivities

were similar to those in previous years. The averages for the

growing season (Mar. 1 to Sept. 30) continued to be consistently

higher than during the dormant period (Oct. thru Feb.)* The pH

values of the tile effluent and the surface runoff were all higher

in 1972 than in previous years.


Heavy Metals in Drainage Water


Concentrations and annual losses of heavy metals in the drainage

water are shown in Table 9. Measurements were taken for about a one-

month period in the spring of 1972. Flows during the one-month

period were about 9-1*+% of the annual flow. Estimated annual losses

were based on the annual flows and the measured concentrations. Iron

and lead losses were the highest. All estimated losses are likely

to be 50-100% higher than the average long-term values because of

the high flows in 1972.


CONCLUSIONS


1. Relative losses of sediment and chemical ions from drainage

water in 1972 were similar to those from previous years, but prac

tically all were higher in 1972 because of higher rainfall. The most

significant increases were the sediment losses both in the tile

effluent (8*f%) and in the surface runoff (68%). Lack of vegetative

cover for the last half of the year is also a contributing factor.


2. All pesticide losses were insignificant in 1972. These

indicate low carryover residuals as expected, since no pesticides

were applied during the year.


3. Electrical conductivity values were similar to those in

previous years. In the tile effluent pH increased more than in the

surface runoff when compared to previous years.


4. Estimated losses of eight heavy metals in 1972 were less

than 10 lbs. per acre, except for iron (3^-59) and lead (11-15).
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Table 7

Electrical Conductivity and pH of Tile Effluent 

Sou rce 
(Period) 

^Electrical Conductivity 
in Micromhos/cm 

1972 1969-72 Avg. 1972 

**pH 

1969-72 Avg. 

RAINFALL 
Mar. 1 to Sept. 30 837 1006 7.9 7-3 

RAINFALL 
Jan. 1 to Dec. 31 812 ***719 7-7 ***7.3 

IRRIGATION EFFLUENT 
June - July 1 7 ^ 17̂ 5 8.0 7.0 

IRRIGATION WATER APPLIED 
June - July 2273 2011 8.0 

*	 Weighted average based on water volume and electrical conductivity

of each sample.


k	 Arithmetic average of all samples.

Three-year average for 1970-72 only.
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Table 8.


Electrical Conductivity and pH of Surface Runoff


Sou rce *Electr ical Conductivity **pH 
(Period) in Micromhos/cm 

1972 1969-72 Avg. 1972 1969-72 Avg. 

RAINFALL 
Mar. 1 to Sept. 30 484 758 7.2 7-0 

RAINFALL 
Jan. 1 to Dec. 31 423 ***665 7.1 ***7.0 

IRRIGATION EFFLUENT 
June - July 1886 1974 7-5 7.1 

IRRIGATION WATER APPLIED 
June - July 2273 2011 8.0 7.4 

*	 Weighted average based on water volume and electrical conductivity

of each sample.


ick Arithmetic average of all samples.

*** 1970-72 avg.
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Table 9.


Concentrations and Estimated Amounts of Heavy Metals

in Drainage Water


Source T i l  e Effluent Surface Runoff 
*ppm **Lbs. per Acre -«ppm **Lbs. per Acre 

ALUMINUM 0.133 0.40 0.137 0.41 

CHROMIUM <0.05 <1.49 -CO. 50 <1.47 

COPPER 0.45 1.26 0.35 1.05 

IRON 18.8 58.55 11.45 33-83 

CADMIUM 0.015 0.05 0.01 0.03 

ZINC 1.30 4.02 0.95 2.87 

LEAD 3-50 10.91 5.00 14.85 

MERCURY 0.0015 0.004 0.0009 0.003 

Average of samples from April 19 to May 11, 1972, from two

replications each for which the tile effluent average depth

was 1.17 inches and the surface runoff was 1.86 inches.

Estimated amounts for the calendar year based on 13.^-3 inches

of tile effluent and 13*03 inches of surface runoff and on

concentrations as shown.
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