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DENVER LIQUID Sm.JAGE SLUDGE: ITS AGRICULTlJRAL l3ENEFITS i\ND ITS 

EFFECT 0 THE METAL COMPOSITION OF \.JHEAT GRO\VN AT TIIE \.JATKINS 

TEST SITE, ADA1'1S COUNTY, COLOMDO 

by James A. Erdman and Harry A. Tourtelot 

Abstract 

Sludge from the Metropolitan Denver Sewage Disposal D~trict No. 1 was 

added to a Truckton loamy sand near Watkins, Colorado, at rates equivalent 

to 0, 20, 40, and 55 tons/acre (dry-\veight basis), to assess the effect on 

dryland production and on the element composition of hard \vinter wheat 

(Triticum aestivum L. cv. Wichita). Yields from the 1974 crop increased 

significantly (p<.05), from 13 bu/acre for the control plots to 22 bu/acre 

for each group of treatment plots; and highly significant increases (p<.Ol) 

in the protein content resulted from the sludge additions. The mean for 

the control plots was 12.7% protein compared to the means for the treated 

plots of >15 . 2%. These obvious benefits must be weighed, however, against 

highly significant increas es in the amounts of cadmium, nickel, and zinc 

in the grain. Concentrations of these heavy metals in all samples from 

the treated plots exceeded the central 95% expected ranges, which were 

based upon a suite of 12 wheat samples collected across the Northern Great 

Plains. Manganese and selenium also showed significant increases in samples 

from the sludge plots, but the concentrations for selenium were within the 

range expected in wheat . An additional geochemical impact was a visible 

increase in the amounts of copper, lead, mercury, silver, tin, and zinc, 

and a decrease in pH in the soils of the treated plots. 
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Introduction 

The reason for a study of this nature was expressed clearly by Be son 

in his recent article on sewage studies and the food chain (1976, p. 23 ), 

as follows: 

Of primary concern to agronomists with respect to the use of 
municipal waste as a source of plant nutrients is the possible 
phytotoxic effects of the several heavy metals contained in these 
materials and originating , in man y instances, from industrial 
effluents. Agronomists are increasingly aware, however, of the 
possibilit y of these elements entering the food chain . Hence , in 
addition to measurement of crop yields, much time and effort is 
being devot ed to obtaining data on the composition of plant 
tissue. Th ese data are of inte rest to the nutritionist. 

The main objective of this report is to releas e the analytical results 

on samples of whea t grains and sludge-altered soils from selected experi -

mental plots established by Dr. Burns Sabey , agronomist at Colorado State 

University, and by the research staff of the Metropolitan Denver Sewage 

Disposal D~strict No. 1 (}IDSDD) to assess the effects of sewage-sludge 

application on dryland wheat production. 

Experimental design 

In collaboration with Dr. Burns Sabey an d }IDSDD, we obt ained samples 

of wheat and plow-zone soils from 72 test plots following the 1974 harvest. 

The plots were arranged in a randomized block design, as described by Sabey 

and Hart (197 2); at the time of the 1974 sampling, it includ ed plots with 

no treatment as well as plots with sewage-sludge loadings ranging from 

the equivalent of 9 to 90 tons (dry weight) per acre. Twelve of the 72 

plots were treated with sewage fi lt e r cake at rates of 12 to 50 tons 

per acre. Th e repor t s by Sabey and Hart (1972, 197S) were based on one 

sludge treatment applied in May 1971. Following the ini tial experimental 

wheat harves t in 1972, however, those plo ts with low a nd intermediate load-

in gs r ceived amounts o f s lud ge comparable to the in itia l treatment s . 
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Because of laboratory and cost constraints, we selected a subset of 

31 samples from the 72 plot samp les. Formal assessment of the response 

of wheat to several levels of sludge additions was based on 24 samples-­

six select ed at random from plots with no loading (control or ch ck plots), 

and six each from plots with loadings of 20, 40, and 55 tons per acre. 

Only one plot had a loading equivalent to 90 tons per acre; samples from 

this plot \vere included in our study to see what effects the maximum treat­

ment had on the production of wheat. In addition, six samples were chosen 

from the 12 plots that had been treated with filter cake. Three pairs of 

plots receivin g very similar treatments were selected; that is, 17-18, 28-

29, and 45-46 tons per acre. An estimate of the magnitude of the analytical 

error was based on "splits" or duplicate analyses of 10 samples that were 

randomly select ed from the 24 samples in the analysis of variance design. 

In effect, these duplicate analyses constituted a third and lowest level 

of the sampling design. All 41 samples were analyzed in a formally randomized 

sequence in order to circumvent any effects of systematic analytical bias. 

In addition to the 41 samples of wheat from the Watkins' site, we 

received a ~-pint sample of wheat (cv. Wichita) harvested in 1974 from the 

Lowry disposal site. It was sent to us by Dr. David Cohen, who was then 

director of the research program at MDSDD. Analytical results of that 

sample are included in this report and represent the effects of maximum, 

although unspecified, sludge loadings. 

Sampling procedures and sample materials 

Prior to h~rvesting and soil sampling, the 72 sample plots, each 10x3/. 

ft in dimension, had been marked at their corners with flags. The wheat was 

harvested July 12, 1974, with a special combine that cut two adjacent 4-ft 

swaths from the center of each plot. Soils were sampled July 16-17. 
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Prelhninary tests showed that about twenty 6-in. soil plugs were needed to 

attain a quart-sized sample, the volume we judged ample for the study. The 

previously harvested area, about 8x30 ft , was visually divided into ten 

4x6-ft subplots, and two soil plugs were taken essentially at random from 

within each subplot . Plugs were collected with a stainless-steel corer 

capable of extracting a 10-in. core that is 1 inch in diameter. At most 

sites, however, the sampler would not penetrate more than about 6 inches, 

the plow-zone depth. The soil plugs were broken up by hand in a plastic 

pail and mixed to form a composite sample . The resulting samples, we felt, 

were quit e representative of the soil from each plot . Descriptions of the 

soil and sludge are detailed in Sabey and Hart (1975). 

The wheat from each plot was bagged in a large paper sack, and the 

yield was l ater calculated by Dr . Sabey at Colorado State University follow­

ing standard cleaning procedures . One-quart samples were then ob tained from 

the bulk samples for element and ash analyses conducted at the Denv r labora­

tories of the U.S. Geological Survey . 

Analytical methods 

Protein percentages were determined in the wheat laboratory at Colorado 

State University under the supervision of Dr. Sabey, using an improved dye 

method for estimating protein (Udy, 1971). 

A weighed portion of each gra in sample was burned to ash in a muffle 

furnace in which the heat was increased 50°C per hour to a temperature of 

550°C and held at this temperature for 14 hours . The resulting ash was 

then weighed to determine the ash yield of the dry grains . The me thods of 

analysis and the elements determined in ash follow : at omic absorption 

spectroscopy--cadmium , cobalt, lithium, sodium, copper, lead, calcium, 

nickel, potassium, and zinc ; and colorimet ric--phosphorus . In order to 
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determine the concentrations of those elements that would be volatilized 

and lost by burning, weighed aliquots of the dried grains were "wet ashed" 

according to methods described by Harms and Papp (1975). Methods of analysis 

used for these volatile elements were atomic absorption for arsenic, turbidi­

metric for total sulfur, flameless atomic absorption for mercury, and fluori­

metric for selenium . The remaining elements reported here were analyzed by 

emission spectrography using ashed material. 

The element composition of the soils is expressed on a total, not 

avai l able basis . Most of the elements reported for the soils were determined 

by emission spectrography . Copper, lead , lithium, magnesium, sodium, and 

zinc were determined by flame atomic absorption spectroscopy (Huffman, 1975). 

Mercury was determined by a flameless atomic absorption method (Huffman, 

1975) , and fluorine analyses were by a selective-ion electrode method 

( Huffman, 1975). Measurements of soil pH were conducted ' by C. E . Papp : 

a slurry was made from 4 g of soil and 10 ml distilled water. Readings 

were made after 2 minut~s of continuous stirring; they did not differ by 

more than one - tenth of a pH unit from several checks that were run by a 

more conventional method for determining soil pH. 

Res ults and discussion 

The analytical data for the wheat samples and associated soil samples 

are given in tables 1 and 2, respectively . Results of an analysis of variance , 

which tests for differences among treatment groups (including controls ), are 

available for only the wheat data . Those factors that showed significant 

d ifferences are summarized in table 3 . Differences among treatments for 

some of the elements given in table 1 were not tested by analysis-of-variance 

procedures because of complete or unacceptable degrees of censoring (reported 

valu s below the limits of detection). The elements s o affected are arsenic, 

cobalt, lead, lithium, mercury, niobium, silver, sulfur, and titanium. 
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Logtransforms of the data were made becaus e most element concentrations 

in natural materials tend to be lognormally distributed, The geometric means 

. and geometric deviations given in table 3, therefore, are antilogs of the 

arithmetic means and st andard deviations, respectively, of the logarithms 

of the analytical values. The geometric mean is a measure of central 

tendency of the frequency distribution and, as such, is an estimate of the 

typical or most common concentration for the element. 

Analysis of variance and Duncan's multiple range technique showed that, 

for the most part, only two groupings in the data can be demonstrated-­

samples from the control plots and samples from plots that received three 

levels of sludge loadings. The most striking differences were the fivefold 

increases in the heavy metals cadmium and nickel. 

Nickel is of particular interest in that a recent report on the element 

composition of sewage sludges from 16 municipalities across the United States 

(Furr and others, 1976) lists Denver's sludge as being notably high in nickel 

(562 ppm). Concentrations from all cities ranged from 36.4 to 562 ppm, with 

a median of 169 ppm. Other analyses of sludge from Metropolitan Denver 

Sewage Disposal District No. 1, however, indicate nickel concentrations 

very close to, or slightly higher than, the median given above (H. Tourtelot, 

unpublished data, 1974; Sabey and Hart, 1975). The apparent slight increase 

in soil pH (table 2)--the latter effect tending to mobilize nickel--would 

account for the anomaly of this metal in the grain samples. 

A very critical question comes to mind at this point: Just how 

representative is the ~ontrol wheat, chemically , to hard wheat in general? 

This can be answered, to some degree, by looking at the trace-element 

composition of 12 samples of wheat collecte d from across the Northern Great 

Plains (Shacklett e and others , in press ). These l:lamples--11 of them hard 



wheat and 1 durum--were obtained in the field at harvest time, 1974, from 

a region that included southeastern Wyoming, eastern Montana, western North 

Dakota, and northwestern South Dakota. Baselines for four of the five 

metals (manganese excepted) that showed a treatment effect in the Watkins' 

wheat are given as follm-1s: 

Geometric Expected 
Metal mean range or baseline 

Cadmium .047 .018-.12 

Nickel .31 .13-. 76 

Selenium .45 .096-2.1 

Zinc 30 17-52 

The geometric mean is the most typical value expected in the material in 

question, whereas the expected range is the central 95% range defined as 

GM/(GD) 2 and GM·(GD) 2 • In normal environments, then, the element concen-

tration of only about one sample in 50 will occur above the 95 % range solely 

by chance. We feel that the expected range is equally important, if not 

more so, than a measure of central tendency in ass essing suspected metal 

pollution. (This concept of baseline is discussed in considerable detail 

by Tidball and Ebens, 1976.) 

By comparing the observed ranges of the metals in wheat samples from 

the treated plots with the ranges expected in wheat (the baselines), it is 

apparent that only cadmium and nickel are anomalous. Averages from the 

control plots compare favorably with the averages for the Northern Great 

Plains (above), and th e values of the samples from the control plots are 

we ll within th e expected ranges . On the other hand, the treated plot 

averages for thes e two meta ls are five times higher than the averages 

established for the controls, and all of the samp le concentrations exceeded 
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the expected ranges. For selenium, all samples, including those from the 

plots ,.,ith maximum s lud gc loadings, gave concentra tion values \vi thin the 

_central 95% range. 

Despite the highly significant increases in cadmium and nickel to 

levels judged anomalous, the levels do not appear to be potentially 

detrimental to either plants or animals, including man (Underwood, 1971; 

Gough and Shacklette, 1976). 

We were unable to test the differences between treatment groups of 

soils data for inclusion in this report. Yet some differences are so 

obvious that significance tests may be unnecessary. Elements that show 

marked increases due to sludge additions include copper, lead, mercury, 

silver, tin, and zinc; more subtle increases seem to have occurred for 

antimony, arsenic, chromium, and nickel . The change in soil pH from an 

alkaline condition in the control plot's to neutral or slightly acid 

conditions in the sludge-treated plots agrees with a similar change in 

soil reaction reported by Sabey and Hart (1972, p. 12-13). 

Because of the limited samples drawn from the filter-cake plots, 

only very provisional conclusions can be made . Effects of the filter 

cake on the soil chemistry tend to be more subtle than those caused by 

the application of sludge; the exception was pH, which increased considerably 

in comparison to the pH measured in the control plots of the main experiment . 

Some of the elements that appear to have increased in the soils as a result 

of the filter-cake application are chromium, copper, mercury, nicke 1, and 

zinc. The strongly alkaline reaction of the soils, however, would tend to 

irrnnobilize these metals and to decrease their availability to wheat. 

Apparently this was the case, for the only obvious effect of the filter-

cake applic a tion was an increas e in yie ld (t able 1) . 
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Conclusions 

In light of the yield and protein enhancement demonstrated in table 3, 

· the potential role of liquid sewage sludge as a plant nutrient is quite 

high, certainly of more than the "moderate" importance assumed in the 

summary draft environmental impact statement (U.S. Environmental Protection 

Agency, 1976a, table B, p. 17). Conversely, the problem of heavy metal 

contamination may be a deterrent to the plans for using sludges in feed 

and food production (U.S. Environmental Protection Agency, 1976a, p. 8) 

unless sludge utilization is carefully managed. Although the buildup of 

metals in wheat grown on the sludge-altered soils does not appear to be 

hazardous under the conditions of the Watkins' experiment, some statements 

made by the EPA in its impact assessment may require further consideration. 

As one example, it stated (U.S. Environmental Protection Agency, 1976a, 

p. 23): "Certain crops are also susceptible to heavy metal uptake. Swiss 

chard, l ettuce, spinach and sugar beets are among the most efficient 

accumulators of heavy metals. By contrast, the use of sludge on sod farms 

and certain irrigated and dry farm lands may pose fewer problems ." We 

believe our evidence has demonstrated that wheat may also be a fairly 

efficient heavy metal accumulator, at least under the conditions cf the 

experiment. Further, because of the magnification of heavy metals in the 

food chain, the statement (U.S. Environmental Protection Agency, 1976b, p. 

D28-29) that "Most irrigated and non-irrigated crops grown in the study 

area are either not consumed by humans or are processed to such a degree 

that sludge contaminations are r emoved" should probably be confirmed 

through experimentation. Baxter and others (1976) have just published 

the results of a study that assessed the cycling of heavy metals from 
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sludge-alt ered soils through forage to various kinds of tissu in cattle. 

They reported a significant increase in cadmium levels in kidn y and 1 ad 

in bone. Ho~.,rever, the metal contents of muscle and fat tissues was 

unaffect ed by the treatment. 
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Ta~1e 1.--Ana1vses of wheat fro~ Metrooo1itan Denver Sewage District's 1974 exoerimenta1 crop.--Continued 
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~ATKINS' SITE CONTROL PLOTS • NO SLUDGE APPLICATION 

i'IO lC5 O,OOOi) s.J 0. 00260 o,o1L 0,48 0 B 0,11 18 1.8 0,00149 
l"! t!47 O,OOOB 4.8 0, 00000 8 '0,01L o.51 0 B 0,07 1:Z 1.1 o.ooo95 
lo.2~~7 o,ooo~ 5,3 O,U0257 0,01L 0,4ll 0 B o,os :lO 1 '3 0,00!32 
P.;tS37X o,c oo::. 5,3 0,00)17 0, 0 1L 0,48 0 8 0,14 21 1,8 o.co13_. 
;..· 3 3..; 8 0,00 09 5,7 0,00315 0,01L 0,53 0 8 0,10 20 0,7 o.oo!2B 
,.340 7 o. oooH 5,7 0, 002q4 0,01L 0,53 0 1:1 0,11 lll l,<t o.ool3J 
,.)4~0X O,O OOH 5,5 O,Uv290 o,otL 0,51 0 R 0,13 2:Z 1.4 0,00119 
"4.:;S3 o, ooos 4.8 0.00194 O,OlL 0.44 0 B 0,10 19 1,7 0,00131) 

t'l,i.TKI!JS• SITE SLUDGE PLOTS • CA, 2o TONS/ACRE APPLICATION 

.,.o51o o,ooos 5. 3 0,00212 o,o1L 0,51 0 8 0,10 35 l,:Z o.co129 
;;oS12 X o,o oo 9 5.5 o,un2n6 o,o1L 0,51 o· a 0,12 37 1,5 0,0012~ 
;;c;659 o.oo os 6,2 0,00343 O,OlL 0,53 0 B 0,11 25 l,J O,C02o'i 
"1746 0,0008 5,5 0,00354 0,01L 0,53 0 B o.1.1 42 0,7 0,00!26 
,.;J) Of> o,coos 4,6 o.o 0269 0,01!· 0.53 0 8 0,08 31:1 0.6 o.o v 1-<J 
... 3~3JX 0,0 00 11 5. 1 o.ooooo!'l o.o 1L 0,51 0 B o.us 13 0,2 <J 1 0Ul3d 
1-: .; ~< s o. oc-o s ~.6 0. •J0 3 3 0 O,OlL o,4o : 0 B 0.14 41 0,9 v,O Ull9 
ii4t>29 X O,O OOB !5. 1 0,0 0290 · o.o1L 0' 44 0 B 0,10 J9 0,7 o.o ona 
'-6H4 0. 023 6,0 0,00363 0 1 01L 0,4ij 0 8 0,11 37 1,0 O,OOllJ 

t-" 
itl,a.TKINSI SITE SLUDGE PLOTS ·• CA, 40 TONS/ACRE APPLICATION ~ 

o~o32S o.o ooB s.9 0 0 002R 2 o. o 1 r, 0,51 0 8 0,10 4U 1,3 o.oot54 
"3 6() 1 O, CJH 4,6 O,il0345 o,otL o.s5 0 B 0,09 46 o,s 0.00120 
.. ~558 o,o oo B 5. 1 0,00330 o,otL 0,4!! 0 B 0,13 37 2.7 o.v o lJv 
,.~51B X O,O OO B 4,6 0,00378 o,o1L 0,46 0 8 o.14 H 1,5 o,OC12'2 
.. 533\l 0. 025 6.5 0.00213 O,OlL o.s7 0 R o,os 25 o.6 o, ou 1S v 
.. :;3~7.X: 0. 024 6.2 Oo0L1353 o,o1L 0,55 0 B 0 1 H 37 0,9 o.ootn 
.. s~ t ., O, OOCB 5.7 0. 00227 0 1 01L o.st 0 R 0,09 21:1 1,9 o.oo13v 
;..5~2q o, voo a 5,7 0,000 00 8 o,otl• o,s1 0 8 0,07 22 2,1 o , oo 1n 
,.6 1H o. o23 6.7 0,00267 o,o1L 0,51 0 B 0,10 34 0,\l u.oot27 

WATKINS! SITE SLUOGt PLOTS • CA, 55 TONS/ACRE APPLICATIO~ 

llii455 o,ooo9 6,2 0,00322 o,o1L 0,53 0 B 0,15 :Z3 o,s 0,0014'\ 
•2~3 5 0, 0(103 s.s 0,0 0 317 0, OlL 0 1 46 0 B 0,12 29 1.2 0,00126 
.;4043 o.ooos 6,2 0,00278 o,otL 0,51 0 B 0.11 19 o,a C,Ov129 
~02t> o,oooB 6,4 o.o o 3~ 6 0,011, 0,46 0 B o,o~ 30 2.6 o. oot 54 
"43 0 3X O,C'009 6,8 0,003:D o.o1L 0,55 0 B 0.11 26 0,9 Uo 01J l75 
.-e uF-.1 o,oooo s.7 0 1 00297 O,OllJ 0,44 0 A 0,09 :25 o.6 o,o oc.~ s 

.. , 131 o.oooB ·6.5 o,ou27o O,Olu 0,57 0 B 0. 10 21 0,7 o. vo 137 
,q l36X o.oooR 6,3 0,00377 0. 0 11J 0,52 0 8 0.15 :24 0,7 o.oot35 

W~TKIUSl SITE 5LUo~E PLOT • cA. 90 TO~S/ACR~ APPLICATIO~ 

11' 51134 O,OOOB 6.0 0,00306 0,011J 0,51 0 B 0,11 ~3 1,5 0,0012:Z 



Tabl~ I.--Analyses of Yheat from Metropolitan Denver Sewage District's 1974 experimental crop.--Continued 

SAI':PLE liB ppr, NI PPX p, PP ~ PB . PPH TOTAL S% se: PPH SR PP/1 I PPM ZM Pf:1 

'tiATKINS! SITE: CONTROL PLOTS • NO SLUDGE AP~LICATION 

i(0105 0.10 013 4140 0 B 0 101L 0130 118 o,u ·51 
.. 1to47 0122 o~~ 3960 0 B 0 10lL 0 1 40 210 0,09 4o 
•2527 0,17 013 3960 0 B 0 1 0lL o.2s 1,7 o, 11 51 
;.;t::37X 0 1003 0,3 BbO 0 B 0 1 01L 0,20 2,3 o,otl 53 
,.;3~4~ 0,21 013 3960 0 B o,olL 0125 2,1 O,lQ 55 
"'3'9 0 i 0 100B 013 ~140 0 B O,OlL o.2s 1 • 7 o,v9 48 
"i.;~2cx o. 33 o.~ 3q6 0 0 B o,olL o.45 1,7 o,o9 53 
«H53 0114 013 3780 0 B O,OlL o,Jo 1,2 o,o9 42 

\·IATI<IN!I SITE: SLUDGE PLOTS • CA 1 20 10~S/ACK~ APPLICATION 

"'t.:Slo 0,12 1,5 4140 0 B 0 101L 0,35 116 0,09 tiO 
~C512X 0121 1,4 396 0 o 8 o I o 1 r, 0,3'5 2.~ 0,10 79 
ii C~ 59 o,ooa 1. 2 4320 0 B O,OlL 0,20 2,~ o.1o 70 
"11746 o, 26 115 4140 0 B O,OlL 0,30 2.~ 0 1 0 0 ~ 71 
li35 06 01008 1 '0 2760 0 B 0,011.; 0145 213 :l 1 1 \) 55 
oiJ533X 0100'3 1. 1 4!40 0 B O, OlL 0130 1 • tl 0 1CiJ!j fn) 

"' "} t, s o,ooB 1 • 1 3960 0 B 0 101L : 0,35 213 0 111 70 
ri4!:>29 X 0125 1 I 2 39 60 0 B 0 10lL 0130 2,2 v 1lO 7':) 
toi5?H 0135 116 4140 0 B v 0 101L 0125 2,2 0.10 87 

...... IOATI<INSI SITE SLUoG~ PLOTS • CA, 40 TONS/ACRE A~PLICATION Vl 

(':125 o,oos 1, 6 3960 0 8 0 101L 0,25 1 '7 0109 77 
.;)5 0 1 0123 1. 8 4140 0 B 0,01L 0,25 1 I 8 0110 62 
"'~~=8 0,27 115 3 '=<6 0 0 B 0,01L 0,35 215 0,10 79 
.:~s1~x 0,14 1 • 5 JHO 0 13 0,01L o,3o 212 o, ll !10 
.. 5330 0,22 2,4 4500 0 8 O,OlL 0120 2,3 O,Ocj 83 
.. ~ 31 7X 0,0 03 213 4320 0 !3 01 011, . 0,45 314 0,09 77 
• 5 t>l.' 9 0129 1 I 4 3%0 0 B 0 1 0lL 0130 211 olus a1 
•5~74X o,oo~ 1,5 391i0 0 B O, OlL 0,25 112 0, 09 9\J 
;> Ed3a o,ooa 2.2 4140 0 8 O,OlL 0125 213 O, U9 92 

WATKINS! 5ITE SLUDGE PLOTS • CA, 55 IONS/ACHE APPLICATION 

A145S O,OOB 1,7 4320 0 l:l 0 101L 0,40 2,2 0,11 72 
112..,35 0126 1 1 1 1140 0 8 0' 0 lJ, o~~v 2,6 0,10 IJO 

"HO 0' 13 1. 8 4140 0 B O,OlL 0135 515 0,09 83 
•4326 0,44 115 ]q60 0 B O,O lL 0140 1. 1 0111 75 
,;4J0 3X 0 100fl 116 4500 0 B O,OlL 0135 1,2 0111 85 
1\f', 01'-1 O,OOB 1 I 3 3900 0 B o.otL 0135 2,5 o,o oB 77 
~7131 0,13 1 I a 4500 0 l.l O,OlL O,bO 1,2 0,10 93 
a7136X 0,29 1,8 4500 0 B o.olL 0 1b0 2.o \)' 10 95 

WAT!(It.S 1 5ITt SLUDGE PLOT • CA, 90 TONS/ACRE APPLICATION 

W5i34 0,14 1,7 4140 0 B O,OlL 0,30 2,0 0,09 87 



Table l.--An2lvses of ~heat fr~ Metrouolitan Denver Sewa~e District's 1974 experimental crop.--Continued 

sAr.Plo£ YIF:LO BU/A \PROTEIN AS!i ' AG PPM AL ' AS PPM 8 PPH 0 sA PP~ CA 
0 

' co pp)( 

LOWR~ SEWACE•DISPOSAL SITE 

lriLO!o.ORY ~1) .ND 1,8 0,00828 0,00084 o,osL 1,35 7,0 0,061 0,11 

WATXINSI SITE riLTER·CAKE PLOTS • CA, 20 TONS/AC~E APPLICAtiON 

ii1H9 27 13,4 2. 1 o,ooooos 0,00175 O,OSL 0,84 6,4 0,04b o,oo 
.. <81 6 20 12,4 2,1 O,OOOOOB 0,00124 0 1 05L o,so 7t8 1>,04b 0,04 

WATKINS! SIT~ FILTER.CAKE PLOTS • CA, 30 TUNS/ACRE APPLICATION 

11'3121 31 13,4 2,1 o,o oooo B 0,00097 O,OSL 1,03 7,5 0,042 0,04 
116611 19 14,7 2,3 o,o ooo oB 0,00121 O,OSL 0,93 6,8 0,051 0,07 

WATKINS I SIT£ FILTER•CAKE PLOTS • CAt 45 TUNSIACKE APPLICATION 

•1114 23 13,7 2,2 o,ooooos 0,00068 0 1 05L 0,76 5,9 0,053 0,04 
.. 30 0 2 36 14,1 2,2 o,ooooos 0,00057 0 1 05L 1,00 7,4 0,1)53 0,07 

...... 
a-

SA~PLE co PP!i cu PPH FE \ HG PPM J( ' ' LI . PP~I MG \ MN PPK MO PPI'I HA l 

LO~RY 5EWAGE•DISPOSAL SITE 

"LO'r.'RY 0,036 6,5 0,00347 0,01L 0,38 0 B o,oa 27 1,0 0,00162 

WAT!CINSI SITE FILTERRCAKE PLOTS • CA, 2~ TUNS/ACRE APPLICATION 

,;1) 49 0,0008 4 °,6 0,0021)7 0,01L 0. 44 0 B 0,09 17 1.1 0,00109 
104616 0,01)08 4,6 0,00225 0,01L 0,4& 0 B 0,1\) 17 1,7 0,00120 

WATKINS! SIT~ FI~TER•CAKE PLOTS 0
• CAa 30 TONS/ACRE APPLICATION 

' li3121 o,oooB 4,6 0,00239 o,o1L 0,44 0 8 0,11 18 1,4 0,00109 
;.6611 0,0008 6,4 0,00276 0,01L 0,51 0 B 0,10 15 2,6 0,00120 

WATJ<:INS I SITE FILTER•CAKE PLOTS • CAt 45 TONSIACHE APPLICATION 

il'1114 0,0008 4°,8 0,00182 0,01L 0,51 0 B o,o7 18 1,4 0,00125 
lli300 2 0,0008 4,8 0,00266 o,o1L 0,48 0 B 0,11 17 1,6 0,00121 



Table 1.-- Analyses of vheat from }letropolitan Denver Sewage Dtstrict' 11 1974 experiments 1 orop •. --Continued 

S.t.~:?LE l'iS PPM Iii PP"' p PPH Pp, PPM TOTAL S\ SE PPM. SR PP/1 l PPM" ZH PP~ 

LO~RY SEW~GE•OISPOSAL SITE 

tiLOi\~Y 0.19 0,9 3240 0 B O,OlL 0 1 1!1 s.s ~.06 .5l 

WATKINS! SITE FILTER•CAKE PLOTS • CA 1 20 TUNS/ACRE APPLICATION 

~<tH9 0,19 O,J 3780 0 8 O,OlL 0,30 1,5 o,o¥ 38 
... 4616 0,29 O,l 3780 0 8 0,01!., 0,45 1,7 0,09 42 

WATKINS! SIT' fiLTER•CAl<E PLOTS • CAt 30 TONSIACRE APPLICATION 

i./3121 0,008 0,3 3780 0 3 O,OlL 0,45 2,6 0,09 44 
it' ob11 0,20 0,4 ~140 0 8 · O,OlL 0,50 1,4 o,o9 62 

WATKINS! SITE FILTE~•CAKE PLOTS • CA 1 45 TONS/ACR~ APPLICATION 

"'1114 0,35 0,4 3960 · 0 B 0 1 01L 0,40 1,6 o,o5 .H 
1(3002 o, \7 0,4 3960 0 B O,OlL 0,35 2,4 o,o9 .J3 

....., 



Table 2.--Anal~ses of soils from MctroEolitan Denver Sewage District's 1974 croE exEerireent • . 

[Ele~ent concentrations are expressed on a total, not available basis; they are significant to only tvo 
~ 

figures, though more may be given. A sample with an "X" suffix is a duplicate "of the. preceding saq>le. 
L's following data indicate concentrations below the indicated detection level; G's (for some silicon 
data~ greater than the i ndicated detection limit) 

SA!'IPLE PH AG PP"' AL Ill AS PPM AU PPM B PPM BA PPM . BE PPM BI PPM CA ~ 

WATKI NS! SITE CONTROL PLOTS • NO SLUDGE . APPLICATION 

03C1 7,4 0,46L 6,6 1 • 0 6 L 8,5 801 1,6 10 L 0,38 
541~ 7,0 0,26 7. 1 2.4 6 L 10,2 942 2.3 10 L 0,33 

6£..25 7,3 . 0,41 5,4 0,5 6 L 8.7 821 2.3 10 L 0,43 
ss;>sx 7,3 0,22L 5,9 O,lL 6 L 5,4 827 2.2 10 L 0,39 

6233 7,2 0,27 6.2 o.8 6 L 8. 1 782 1. 9 10 L 0,64 

3 0 34 7.5 0,26 5,3 0,3 6 L 11 • 2 771 1.9 10 L 0,29 
313 4 X 7,4 0 • 22L 6,6 1,0 6 L 12,6 706 2.0 10 L 0,36 
0 6 44 7,5 0,22 5,3 0. 1 L 6 L 10.6 740 2.0 10 L 0,34 

WATKI NS' SITE SLUDGE PLOTS • CA. 20 TONS/ACRE APPLICATION 

2 ~0 5 7,2 0,76 6.8 0,9 6 L 7.5 668 2.2 10 L 0,21 
74c sx 7,3 0,65 4.8 0,5 6 L 6,0 666 1 • 9 10 L 0,28 
9 406 6,9 0,92 7.0 0,7 6 L 13,9 836 2.5 10 L 0,29 

52 l7 6,4 0,56 6,2 0,6 6 L 10,8 970 2,2 10 L 0,31 
3Q 35 7. 1 0,30 7.4 0.8 6 L 10. 3 . 867 1. 9 10 L 0,41 

59 3Sx 7. 1 0,43 7,4 1 • 1 6 L : 8,2 735 2.2 10 L 0,31 
12-;S 7,0 0. 71 5.9 0,9 6 L 8,7 794 2.4 10 L 0,4~ 

4 '5 45 X 6,7 0,33 5,5 0,9 6 L 6,5 7 1.9 10 L 0,5 6 
22 ~ 8 6,8 0,79 7.0 0,8 6 L 7,3 849 1.8 10 L O,-t9 

,_. 
WATKI NS' SITE SLUDGE PLOTS • CA, 40 TONS/ACRE APPLICATION co 

27 0 3 7,2 1,04 4,9 0, 1 L 6 L 3,3 756 1.8 10 L 0,40 
E'')3c 6,7 0, 9 4 5.5 0, 1 L 6 L 14.5 875 1.9 10 L 0,49 
<: o .:5 7,0 0. 41 5,4 0.5 6 L 8,5 726 2. 1 10 L 0,3 9 
s s ~5 x 7,2 0.77 6. 1 0,7 6 L 9,1 754 2.3 10 L 0,37 
3 353 7,0 0,71 5.8 0,8 6 L 5,9 729 2.2 10 L 0,4! 
9SS 3 X 6 . 8 5,25 5.9 0.8 6 L 6,0 771 8,3 10 L 0.41 
0~:>6 7 . 2 1,23 5.4 0,7 ' 6 L 5,4 701 1 • 7 10 L 0,44 
2 ! 5 6 X 7. 1 1,22 5.3 2.2 6 L 6,9 727 1.5 10 L 0,50 
1P. 6 1 6.6 0,78 5,8 0.2 6 L 7,7 777 2.3 10 · L 0,27 

WATKINS' SITE SLUDGE PLOTS • CA, 55 TONS/ACRE APPLICATION 

0214 6.6 1,62 6.6 1 • 1 6 L 25.2 835 2.0 10 L 0. 42 
1 0 26 6,8 0,56 4,9 1 • 9 6 L 5,8 791 1.5 10 L 0.39 
4140 7,2 1 • 11 5,6 1.2 6 L 5,8 808 1.7 10 L 0,41 
14-D 6,8 0,22L 3,9 0,4 6 L 2,2 702 1.3 10 L 0,26 
4 8 43X 6.7 0,97 6.6 1.4 6 L 6,7 767 1,9 10 L 0,44 
43 6 0 6,5 1,79 7.2 0,9 !> L 6,7 640 2.1 10 L 0.48 
2971 6,6 0,75 6,0 1,5 6 J, 8,7 838 1 • 6 10 L 0,25 
3571 X 6.6 1,05 6,0 1,3 6 L 8. 1 704 2.2 10 L o.27 

WATKINS! SITE SLUOGF. PLOT • CA. 90 TONS/ACRE APPLICATION 

5758 7.1 0,22L 5,2 0,8 6 L 3.1 629 1,8 10 L 0. 2<· 



Table 2.--Analyses of soils from Metropolitan Denver Sewage District's 1974 crop experi~ent.--Continued 

SA"'?LE co PPM CO PPM CR PPM cu PPM DY PPM· ER PPM EU PPM f' . ' FE: " ·GA. PP~ 

WATKINS! SITE CO~TROL PLOTS • NO SLUDGE APPLICATIOM 

~30 1 1 L 2.6 13 11 46 L 46 L 10 L 0,04L 0.60 7.0 
416 1 L 2.8 12 10 46 L 46 L 10 L o.o4L 0,76 7.9 

oo25 1 L 2.4 13 10 L 46 L 46 L 10 L 0,05 0.66 6.4 
as:>5x 1 L 2.8 13 11 46 L 46 L 10 L o.o4L 0.67 8.0 
f::?3 3 1 L 3.4 14 10 L 46 L 46 L 10 L 0.04 0.72 9.7 
3 (1 34 1 L 3.2 12 10 46 L 46 L 10 L o.o4L o.7s 7,0 

31 HY. 1 L 2.6 14 10 L 46 L 46 L 10 L 0,06 0.83 6,4 

0644 1 L 3,4 15 10 46 L 46 L 10 L 0,04L 0.80 6.3 

WATKINS' SITE SLUDGE PLOTS • CA. 20 TONS/ACRE APPLICATION 
.. 

2405 1 L 2.1 13 16 46 L .46 L 10 L 0,041 0.73 6.2 
i4 0 5x 1 L 2,9 14 16 46 L 46 L 10 L 0,06 0.70 5.4 
94 06 1 L 2,6 14 16 46 L 46 L 10 L o.o4L 0,69 7.6 
5217 1 L 2.7 15 14 46 L 46 L 10 L 0. 041 0,78 7.9 
3935 1 L 3,3 16 11 46 L 4 6 J, 10 L 0,04L 0,79 7.0 
69 35 X 1 L 2,8 14 .14 46 L :· 46 L 10 L 0.04L 0.82 6,9 
1246 1 L 3. 3 19 14 46 L 46 L 10 L 0.06 0,82 8.9 
45.;!:> X 1 L 2.8 15 11 

. 
46 L 46 L 10 L o.04L 0,70 7,7 

22t>8 1 L 3. 1 20 18 46 L 46 L 10 L o.os 0,68 7,9 

~ WATKINS' SITE SLUDG E PLOTS • CA. 40 TONS/AC RE APPLICATION 
\0 

2703 1 L 1.9 14 14 4f> L 46 y, 10 L 0.04 0,49 4,8 
?:0 36 1 L 3.0 16 21 46 L 46 L 10 L 0,06 0,72 6,4 
2045 1 L 3,1 16 15 46 L 46 L 10 L 0.04L 0,83 ~.7 

s~.;s x 1 L 3,7 23 15 46 L 46 L 10 L 0.04 0,87 6,9 
3353 1 L 2,2 13 17 46 L 46 L 10 L o.o4L 0,71 5,7 
Y55 3 X 1 L 2.3 14 15 46 L 46 L 10 L 0,04 0,65 5.5 
~:06 1 L 2,8 15 18 46 L 46 L 10 L 0,04L 0,6b 5,7 

2!56 X 1 1 2 • 1 18 19 46 L 46 L 10 L o.o4 0,57 10,1 
1R61 1 1 2,5 12 16 46 L 46 L 10 L 0,041 0. 68 . 8,5 

WATKINS! SITE SLUDGE PLOTS • CA. 55 TO NS /ACRE APPLICATION 

0214 1 L 3,2 21 21 46 L 46 L 10 L 0.04 0.75 6,1 
1 (' 26 1 L 2,3 15 14 4b L 46 L 10 L 0,04L 0,66 7.0 
4!40 1 L 2.5 15 19 46 L 46 L 10 L 0,041 0,65 7.0 
1443 1 L 2.1 16 7.0 46 L 46 L 10 L 0.11 0.51 3.3 
4 a 4 3 x 1 L 2,6 18 20 46 L ~6 L 10 L 0,04 0.67 5.9 
43 60 1 L 2,6 18 23 46 L 46 L 10 L 0.04L 0.60 6,6 

2971 1 L 2.5 14 16 46 L 46 L 10 L o.o~L 0,61 6,1 
35 71 X 1 L 2.5 16 16 46 L 46 1 10 L o.04L 0,70 6.0 

WATKINS' SITE SLUDGE PLOT • CA. 90 TONS/AC HE APPLICATION 

5758 1 L 2,3 13 20 46 L 46 L 10 L 0,04L 0.70 4.7 



Table 2.--Analyses of soils from Metropolitan Denver Sewage District's 1974 crop experiment.--Conti~ed 

sA~PLE GO PPK. GE PPH Hf PPH· HG PPM ' HO PPM IN PPM IR PPM• K . . \ • LA PF-M LI PP'4 

WATKINS! SITE CO NTROL PLOTS • NO SLUDGE APPLICATION 

o:;o1 20 L 1. 4 100 L o.o1 10 L 50 L 46 L 4.4 46 L 7 

S418 20 L 1,6 100 L 0, 0 2 10 L 50 L 46 L 3.7 49 9 

6525 20 L 1. 0 100 L 0,01L 10 L 50 L 46 L 4.1 46 L 8 

as2sx 20 L 0,1L 100 L 0,01 10 L 50 L 46 L 4.1 46 L 8 

6 233 20 L 0,6 100 L 0,02 10 L 50 L 46 L 4.3 46 L 8 

3GH 20 L 1. 0 100 L 0,01 10 L 50 L 46 L 3.7 46 L 8 

31 34X 20 L 1. 3 100 L 0,01 10 L 50 L 46 L 3.8 46 L 8 
0, , ,. 20 L 0,6 100 L 0,02 10 L 50 L 46 L 3,7 46 L 8 0 ., .. 

WATKINSt SITE SLU DGE PLOTS • CA. 20 TO~S /AC R E APPLICATION 

2405 20 L 0,8 100 L 0,08 10 L 50 L 46 L 3,7 46 L 9 
405X 20 L 0,9 100 L 0,09 10 L 50 L 46 L 3,tl 46 L 8 

g4nS 21) L 1 • 1 100 L 0,07 10 L 50 L 46 L 3,7 46 L S3 

S2 l 7 20 L 1. 4 100 L 0 , 06 10 L SO L 46 L 4,0 46 L f 

3935 21) L 1 • 1 100 L 0,0 5 10 L SO L 46 L 3,9 45 L s 
693 S X 20 L 1 • 3 100 L .o . os 10 L SO L 46 L 3,8 46 L 8 

1245 20 L 1 • 2 100 L 0 , 07 10 L SO L 46 L 3,9 46 L 9 

4546 X 20 L 1. 4 100 L 0,07 10 L 50 L 46 L 3,8 46 L 8 

2268 20 L 1,0 100 L 0,09 10 L 50 L 46 L 3.8 46 L 8 

N WATKI~S 1 SITE SLU DGE PLOTS • CA, 40 TO N S/AC ~E APPLICATION 
0 

2 70 3 20 L 0,5 100 L 0,09 10 L 50 L 46 L 3.8 46 L 6 

8536 20 L 0,6 100 L 0,12 10 L SO L 46 L 3.9 49 9 
2C45 20 L 1 • 1 100 L 0 , 07 10 L 50 L 46 L 3,6 50 9 
56t.S X 20 L 0,8 100 L 0,07 10 L 50 L 46 L 3.9 46 L 9 

3~53 20 L 1 • 0 100 L 0,07 10 L 50 L 46 L 3 ,6 46 L 7 

9 ~ 53 X 2Q L 1 • 3 100 L 0 , 0 9 10 L 50 L 46 L 3,7 46 L 7 
456 20 L 1 • 1 100 L 0,13 10 L 50 L 46 L 3.7 46 L 7 

2 !56 X 20 L 1 • 0 100 L 0 , 14 10 L 50 L 46 L 4,3 46 L 8 
te6t 20 L o,s 100 L o.o1 10 L SO L 46 L 3,8 46 ·L 7 

WATKINS' SITE SLUDGE PLOTS • CA, SS TO NS/AC RE APPLICATION 

0214 20 L 1.4 100 L 0,16 10 L SO L 46 L 3.11 46 L 8 

1 026 20 L 1,2 100 L 0,07 10 L SO L 46 L 4.2 46 L 8 

4!40 20 L 1 • 4 100 L 0.12 10 L 50 L 46 L 3.8 46 L 8 
1443 20 L o.s 100 L 0. 16 10 L SO L 46 L 3.7 46 L 7 
4343 X 20 L 1. 2 100 L 0,14 10 L 50 L 46 L 4.2 46 L 7 

4360 20 L 1,0 100 L 0 , 12 10 L SO L 46 L 4,0 46 L 7 
29i1 2Q L 1 • 3 100 L 0,09 10 L 50 L 46 L 3,8 46 L 7 

35 71 X 20 L 1 • 3 100 L 0 ,12 10 L 50 L 46 L 3,6 171 1 

WATKISSt SITE SLU DGf. PLOT • CA. 90 TO NS/AC RE APPLICATION 

5758 20 L 1.2 100 L 0,19 10 L 50 L 46 L 3.4 46 L 8 



Table 2.--Analyses of soils from Metropolitan Denver Sewage District's 1974 crop experi~ent .--Continued 

SA HPLE LU PP!'4 MCO \ MN PPM MO PPI-( NA20 \ NB PPM NO PPM Nl PPM OS PPM· p ' 
WATKINS' SlTE CO~TRO L PLOTS • NO SLUDGE APPLICATION 

0301 7 L 0.20 185 1.0L 1. 6 8.2 46 L s.8 22 L o.JL 

5418 7 L 0.28 187 1.0 1 • 8 9.0 46 L 4.2 22 L o.3L 

~525 7 L 0,25 199 1. 3 1. 7 8.9 46 L 4.4 22 L 0,3L 

'352SX 7 L 0,24 153 1. OL 1. 6 9.5 46 L 4,6 22 L 0.3L 

&233 7 L 0,27 180 1. 7 1 • 7 6.6 46 L 5,7 22 L 0.3 

3 ~34 7 L 0 ,27 1q7 1. 1 1. 7 9,5 46 L 5,2 22 L 0.3!... 

31 34 X 7 L 0 , 28 174 1,0L 1.8 3,6 46 L 3,7 22 L 0,3L 

06H 7 L 0,26 1 8 2 1,5 1. 7 11. 0 46 L 5.9 22 L 0,3L 

WATKINS' SITE SLU DGE PLOTS • CA·, 20 TO!J'S/AC kE APPLICA!ION 

2~05 7 L 0,28 172 1.0L 1.6 . 9. 4 46 L 4,9 22 L o.3L 
~ 0 5 X 7 L 0,27 169 1 • 0 1,5 12,4 46 L 5,6 22 L 0,3L 

9 ~ (' 6 7 L 0 ,24 175 1,3 1. 7 10,5 4& L 5,7 22 L 0,3:. 

5217 i L 0,26 1 8 7 1. 0 1 • 8 9,9 49 5,6 22 L 0. j,, 

J:l3 5 7 L 0,30 179 1. 2 1 • 8 6. 1 46 L 5.8 22 L 0,3:. 

69 35 X 7 L 0,30 198 1 • 4 1, B :· 7. 3 46 L 5.2 22 L c. ~:.. 
12~5 7 L 0 ,31 212 1.8 1.8 9,2 46L 7. 1 22 L 0,3L 

4546 X 7 L 0,29 182 1. 6 1.6 3.4 46 L 6,3 22 L I 0,3!... 

22 S8 7 L 0 , 27 272 1.2 1. 7 2,6 46 L 6,3 22 L o.3t. 

N WATKI NS' SITF. SLU DGE PLOTS • CA. 40 TO NS /ACRE APPLICATI ON 
1-' 

2iiJ3 7 L 0.17 146 1.0L 1 • 5 7. 3 50 4,6 22 L 0.3 .... 

6535 7 L 0,27 174 1. 4 1 • 7 9,3 46 L 6,5 22 L c.3 
2 1)4 5 7 L 0.2ll 214 t • 3 1.7 13.2 46 L 6,5 22 L 0,3L 

5~45 X 7 L 0,29 223 1,5 1 • 7 7.2 46 L 5.6 22 L o.JL 

3353 7 L 0,25 283 1,0L 1. 7 3.5 46 L 4.7 22 L 0,3L 

9553 X 7 L 0,22 18 8 1 • 2 1 • 7 8,5 46 L 4,9 22 L 0,3L 

0~56 7 L 0 . 1 9 176 1, 0 L 1.6 1 3. 1 46 L 5.0 22 L 0,3i.. 
2156 X 7 L 0,21 147 1,0L 1,6 7.5 46 L 5.2 22 L 0,3L 

1561 7 L 0.22 263 1,0 1 • 7 13.9 46 L 4,6 22 L o.3L 

WATKINS' SITE SLU DGE PLOTS • CA. 55 TO~S/ACRE APPLICATION 

0214 7 L 0,28 198 1. OL 1 • 7 4. 3 46 L 6,3 22 L 0,3L 
1 ')2 !> 7 L 0 ,27 1 7 1 1, OL 1. 6 15.9 46 L 5.2 22 L 0,3L 

4140 7 L 0.26 165 l.OL 1,6 3,5 46 L 5,6 22 L o.3L 

1443 7 L 0,23 133 t, OL 1 • 6 4 ,9 46 L 4,0 22L o.3L 
4 8•:3X 7 L 0.22 210 1.3 1. 6 8,8 46 L 6.4 22 L O,JL 
43 50 7 L 0.24 204 1.0L 1 • 7 13.5 46 L 7.5 22 L 0.3 

2971 7 L 0,19 1 7' 1,0L 1.7 7.7 46 L 5.1 22 L 0,3L 

3~ 71 X 7 L 0,23 180 1,0L 1. 7 10,3 46 L 4. 1- 22 L 0.3 

ftATKINSI SITE SLU DGE PLO! • CA. 90 TONS/ACRE APPLICATION 

5758 7 L 0,26 139 l.OL 1.7 s.a 46 L 4.8 22 L o.3L 



Table 2.--Analyses of soils from Metropolitan Denver Sewage District's 1974 crop experiment.--Continued 

SA P. PLE: PB PPM PO PPM · PR PPM PT PPM RE PPM RH PPM RU PPM sa PPM SC PPH S£ PPM 

WATKINS! SITE CO ~ TROL PLOTS • NO SLUDGE APPLICATION 

0301 29 2 L 22 L 10 L 26 L 1 L 22 L o.s 5 L 0,1L 

S41R 26 2 L 22 L 10 L 26 L 1 L 22 L 1 • 1 5 L 0,1 L 

6~25 20 2 L 22 L 10 L 26 L 1 L 22 L 0.1 L 5 L 0, lL 

RS2SX 22 2 L 22 L 10 L 26 L 1 L 22 L 0, 1 L 5 L 0,2 

6233 31 2 L 22 L 10 L 26 L 1 L 22 L 0, 1 L 5 L 0,1 L 

3 CH 24 2 L 22 L 10 L 26 L 1 L 22 L O,lL 5 L 0,1L 

31 3 4 X 21) 2 L 22 L 10 L 26 L 1 L 22 L 1.4 5 L 0,1 

0&~4 20 2 L 22 L 10 L 2b L 1 L 22 L 0,1L 5 L 0,1L 

WATKINS' SITE SLUD GF. PLO TS • CA, 20 TONS/AC RE APPLICATION 

24 0 5 · 28 2 L 22 L 10 L 26 L 1 L 22 L 0,4 5 L 0,2 

7 ~ O S X 29 2 L 22 L 10 L 26 L 1 L 22 L o.s 5 L 0. 1 L 

94 J 6 36 2 L 22 L 10 L 26 L 1 L 22 L 0,1L 5 L O,lL 

5217 30 2 L 22 L 10 L 26 L 1 L 22 L 0,1L 5 L o,1i.. 

)C)5 23 2 L 22 L 10 L 26 L 1 L · 22 L 0,6 5 L O,lL 

6935 X 25 2 L 22 L 10 L 26 L : 1 L 22 L 0,4 5 L 0 . 1[, 

12 4 & 32 2 L 22 L 10 L 26 !.. 1 L 22 L 1. 1 5 L 0. 1[, 

45~6X 25 2 L 22 L 10 L 26 L 1 L 22 L 0. 1 L 5 L 0. 1!. 

22 68 29 2 L 22 L 10 L 2b L 1 L 22 L 1,3 5 L O,lL 

N 
N WATKINS' SITE SLUDG E PLOTS • CA. 40 TONS/ACRE APPLICATION 

~ 7 0 3 34 2 L 22 L 10 L 26 L 1 L 22 L o.1L 5 L 0,1L 
{'') :) 23 2 L 22 L 10 L 26 L 1 L 27. L 1.7 5 L O.lL 

2 ) 45 25 2 L 22 L 10 L 26 L 1 L 22 L 0,1L 5 L O,lL 

5 6 45 X 34 2 L 22 L 10 L 26 L 1 L 22 L 0,1 5 L 0, 1 L 

3)53 23 2 L 22 L 10 L 26 L 1 L 22 L 0. 1 L 5 L O,lL 

~ 553 X 31 2 L 22 L 10 L 2b L 1 L 22 L 0,1L 5 L O.lL 
0 ~56 44 2 L 22 L 10 L 2 6 L 1 L 22 L 0,1L 5 L 0,1:. 

2t5 6 X 46 2 L 22 L 10 L 26 L 1 L 22 L 1 • 8 5 L 0, 1 L 

t a 61 35 2 L 22 L 10 L 26 L 1 L 22 L 0,1L 5 L 0,1 L 

~ATKINS! SITg SLU DGE PLOTS • CA, 55 TONS/ACRg APPLI CATI ON 

0214 31 2 L 22 L 10 L 26 L 1 L 22 L 0,7 5 L O,lL 

1 0 26 30 2 L 22 L 10 L 26 L 1 L 22 L 1.7 5 L 0.2 

4140 31 2 L 22 L 10 L 26 L 1 L 22 L 0,9 5 L 0 , 1L 

l 4 -T3 35 2 L 22 L 10 L 26 L 1 L 22 L O.lL 5 L 0 , 1 

HOX 29 2 L 22 L 10 L 26 L 1 L 22 L 1.2 5 L 0, l L 

4)t-0 39 2 L 22 L 10 L 26 L 1 L 22 L 0,3 5 L 0.2 

2971 30 2 L 22 L 10 L 26 L 1 L 22 L s.s 5 L O,lL 

3571 X 36 2 L 22 L 10 L 26 L 1 L 22 L 4.3 5 L 0. 1 L 

~~TKINS' SITE SLUDGE PLOT • CA, 90 TO NS/ACRE APPLICATION 

5758 28 2 L 22 L 10 L 26 L 1 L 22 L o.4 5 L o.lL 



Table 2.--Analyses of soils from Metropolitan Denver Sewage District's 1974 crop experiment.--continued 

SA~:PLE SI ' SM PP~ SN PPM SR PPM TA PP~l TB PPM · TE PPH TH PPH 1'I \ TL PPM 

WATKI NS! SITE COMTROL PLOTS • NO SLUDGE APPLICATION 

03C1 46 G 464 L 1,4 183 500 L 100 L 1000 L 300 L 0,13 46 L 
5 ~1 ;; 46 G 4 5 4 L 1.3 206 500 L 100 L 1000 L 300 L 0,20 46 L 
65 25 43 46 4 L 0,4 199 5 0 0 L 10 0 L 1000 L 300 L 0,16 45 L 
8 S25X 45 464 L 0,1L 199 5 0 0 L 1 0 0 L 1000 L 300 L 0,09 45 L 
5233 46 G 464 L 0,3 196 500 L 100 L 1000 L 300 L 0,17 46 L 
3 ')3 -t 45 46 4 L 1.5 1 84 500 L 100 L 1000 L 30 0 L 0,18 46 L 
3 1 34 X 3q 46 4 L o.a 187 5 0 0 L 10 0 L 1000 L 30 0 L 0,19 45 L 
0544 40 46 4 L 1 • 7 197 5 0 0 L 10 0 L 1000 L 300 L 0,20 46 L 

WATKI NS' SITE SLUDGE PLOTS • CA. 20 TONSIACR8 APPLICATION 

2 ~0 5 41 464 L 1.0 171 5 0 0 L ·1 00 L 1000 L 300 L 0.17 46 L 
i0 5 X 37 464 L 1. 9 166 5 0 0 L 100 L 100 0 L 30 0 L 0,10 46 L 
9.; ~6 46 G 46 4 L 1,9 205 5 0 0 L 100 L 1 00 0 L 300 L 0,16 46 L 
5217 44 46 4 L 2,4 215 5 0 0 L 10 0 L 10 0 0 L 300 L 0. 19 46 L 
3 9 35 44 46 4 L 1. 3 19 6 5 0 0 L 100 L · 10 0 0 L 300 L 0,16 4 5 L 
693 5 X 43 4 h 4 L 1 • 4 .18 9 5 0 0 L :· 100 L 100 0 L 300 L 0,18 46 !.. 

1 2 ~ 1:- 46 1 64 L 1 • 1 192 5 00 L 100 L 100 0 L 300 L 0,21 45 L 
4 5 <:6 X 37 464 L 1.6 177 50 0 L 10 0 L 10 00 L 3 00 L 0,18 46 L 
22 t>B 44 46 4 L 1. 9 210 5 0 0 L 10 0 L 1po o L 300 L 0,18 46 L 

N 
w WJ.TKi t\ 5 1 SITE SLUDG~ PLOTS • CA. 40 TO~SIAC R g APPLICATION 

~ i) 3 42 46 4 L o.8 166 5 00 L 100 L 1000 L 300 L 0,08 46 L 
Cc.."} " 40 464 L 2,3 18 3 5 0 0 L 100 L 100 0 L 3 0 0 L 0,19 46 L 
2 ::-.; s 43 4 6 4 L 1 • 3 180 5 00 L 10 0 L 10 0 0 L 3 0 0 L 0,19 46 L 
5545 Y. 46 464 L 1 • 1 186 5 00 L 100 L 100 0 L 300 L 0,2 0 46 L 
3 35 3 38 46 4 L 1. 5 179 5 00 L 10 0 L 1000 L 3 0 0 L 0. 18 46 ... 
95 53 X 42 46 4 L 1. 4 17 4 5 00 L 10 0 L 100 0 L 30 0 L 0,19 46 L 
c~ s o 45 4 6 4 L 2.2 184 5 00 L 10 0 L 100 0 L 300 L 0,10 46 !J 

;; )56 X 4 4 464 L 2,2 1 7 1 5 00 L 100 L 100 0 L 3 0 0 L 0,15 4? L 
1 5 5 1 46 464 L 0 ,5 18 7 5 0 0 L 100 L 10 00 L 3 0 0 L 0. 10 46 L 

WATKHiS t SITE SLUDGE PLOTS - CA, 55 TO NS/AC RE APPLICATION 

0 214 40 46 4 L 4,2 193 5 00 L 100 L 100 0 L 3 00 L 0. 19 46 L 
1 0 26 41 464 L 1. 6 179 5 00 I, 100 L 100 0 L 3 00 L 0, 0 9 46 L 
414 0 43 46 4 L 2.1 18 6 5 00 L 100 L 1000 L 30 0 L 0.17 46 L 
1.;43 35 464 L 0,9 15 8 5 00 L 100 L 100 0 L 3 0 0 L 0,16 46 L 
4 ~ .;3 X 42 464 L 3. 3 179 5 0 0 L 100 L 10 0 0 L 3 00 L 0,16 46 L 
4 3~0 45 464 L 2,4 17 8 5 00 L 100 L 1000 L 300 L 0.21 46 L 
2 97 1 44 464 L 3. 1 189 5 00 L 100 L 10 00 L 3 0 0 L 0.14 46 L 
35 71 X 46 464 L 3,0 174 5 0 0 L 10 0 L 10 0 0 L 300 L 0,18 46 L 

~ATKINS! SITE SLUDGg PLOT • CA, 90 TONS/AC RE APPLICATION 

5 758 38 464 L 2.5 164 5 0 0 L 100 L 1000 L 300 L 0,10 -46 I · 



Table 2.--Analv~es of soils fr~ Metropolitan Denver Sevage District's 1974 crop exPeriment.--Continued 

sA~-'PLE !H ppM· u pp;-.i v p;>M w ppM ' y PPM 'iB PP~ ZN ppM ZR PPM 

WATKI~S' SITE CONTROL PLOTS • NO SLUDGE APPLICATION 

03C'1 5 L 464 L 14 150 L 23 3,9 28 192 
502 5 L 464 L 21 150 L 27 3,8 39 313 
5625 5 L 464 L 16 150 L 23 3,9 29 274 
~525 X 5 L 464 L 17 150 L 16 3,8 28 185 
&23 3 5 L 464 L 20 150 L 30 4,8 29 236 
30 !4 5 L 464 L 20 15 0 L 25 3,0 30 231 
31 3 4 X 5 L 464 L 25 150 L 23 2 ,9 31 350 
('15.;4 5 L 464 L 21 150 L 43 7,9 31 313 

WATKINS' SITE SLUDGS PLOTS • CA, 20 TONS/AC RE APPLICATION 

24 0 5 5 L · 4 6 4 L 17 150 L 16 2,3 51 241 
7 ~ 0 5 X 5 L 464 L 19 150 L 27 4,5 51 224 
94 0 6 5 L 464 L 17 150 L 54 8, 1 51 323 
5:?17 5 L 4 6 4 L 19 150 L 20 3. 1 43 197 
3 9 35 5 L ~64 L 18 150 L 1 9 2,9 47 219 
69 35 X 5 L 464 L 19 . 150 L 26 : 5,0 48 270 
12 t. 5 5 L 4 f> 4 I, 23 15 0 L 22 3,5 47 2 85 
4546 X 5 L 464 L 19 150 L 20 3,2 38 317 
226 8 5 L 464 L 18 150 L 22 3,6 56 227 

N WATKIHS' SITE SLUDGE PLOTS • CA, 40 TONS/AC RE APPLICATIO N ;::.. 

27 0 3 5 L 464 L 14 150 L 16 2. 1 42 167 
6635 5 L 4 6 4 L 20 150 L 21 3,5 59 295 
2 0 '5 5 L 464 L 24 150 L 2A 3.6 42 255 
5t-~ 5 X 5 L 464 L 23 150 L 32 3,5 42 373 
3~53 5 L 464 L 17 15 0 L 33 3,6 51 329 
9553 X 5 L 464 L 19 15 0 L 37 4,4 47 291 
0£56 5 L 4 & 4 r. 15 150 L 20 3,0 54 243 
215 6 X 5 L 464 L 15 150 L 19 2,5 64 145 
1661 5 L 464 L 18 150 L 21 3,4 47 255 

1-\ATI<VlS' SITE SLUDGE PLOTS • CA, 55 TONS/AC RE APPLICATION 

0214 5 L 464 L 20 150 L 35 4,7 75 240 
1 ') 26 5 I- 464 L 17 150 L 18 3.7 44 222 
4140 5 L 4 t:-4 L 18 150 L 29 3,6 63 249 
1443 5 L 464 L 15 150 L 2 1 3,4 60 204 
48 0X 5 L 4 6 4 r. 15 150 r, 15 3,6 64 360 
43 60 5 L 464 L 17 150 L 17 3,2 74 330 
2Cl71 5 L 464 L 15 15 0 L 20 2.6 55 276 
35 71 X 5 L 464 L 17 150 L 23 2,9 59 2 !lB 

WATKI NS! SITE SLUDGE PLOT • C4, 90 TONS/AC RE APPLICATION 

5758 5 L 464 L 16 150 L 19 5,2 69 216 



N 
V1 

sAJ.:pLE 

8913 
9948 

1131 
2656 

1611 
4C30 

SA~PL£ 

B91 3 
9';4S 

1131 
26 66 

1611 
4030 

PH 

7.8 
7,5 

7,6 
7,6 

8,2 
8,6 

- -

CD PPM 

1 L 
1 L 

1 L 
1 L 

1 L 
1 L 

Table 2.--Analyses of soils from Metropolitan Denver Se~age District's 1974 crop experiment.--Continued 

\ 
AG ppM AL \ AS ppM AU ppM B ppM BA PPM BE PPM BI PPM CA \ . 

~ATKI~S! SITE fiLTER-CAKE PLOTS • CA. 20 TONS/ACRE APPLICATION 

0,36 5,4 1. 1 6 L 7.8 670 2,4 10 L 0,45 
0.26 4.7 0.7 6 L 4.8 852 1.9 10 L 0,38 

IO,a.TKH-'S r SITE FILTER-CAKE PLOTS ~ CA, 30 TONS/ACRE APPLICATION 

0,52 8,3 1 • 1 6 L 27,8 757 3,0 10 L 0,85 
0,22L 6,8 1. 3 6 L 6,4 1000 1,8 10 L 0,57 

WATKINS! SITE FIL!ER•CAKE PLOTS • CA, 45 TO NS/ACRE APPLICATION 

0. 22L 6,4 0,9 6 L 15,0 727 2.2 10 L 0,48 
0,58 5.6 1. 6 6 L . 6. 3 616 2,1 10 L o.B 

- .. . --- -- ... _, ., . .. - •.. ·- ----.. ~·-- -· · ·-·- ·-- - ···- .. _ --·------· - ·---- - - · 

CO ?P)ol CR PPM . cu PPM DY PPM . ER P?M· EU PPM F' ' FE \ GA. PPI'( 

W,; TKI:-iSI SITE FILTER•CAKE PLOTS • CA, 20 TONS/ACRE APPLICATION 

3.4 1B 17 46 L 46 L 10 L 0,06 1,03 7,6 
33.6 16 12 46 L 46 L 10 L 0,04L 0,71 5,3 

WATKINS' SITE FILTER•CAKE PLOTS • CA, 30 TO NS/ACRE APPLICATION 

s.o 24 18 46 L 46 L 10 L 0,04 1,23 12,0 
2,8 15 13 46 L 46 L 10 L 0,04[. 0,66 8,7 

WATKI~S I SITE FILTER•:AKE PLOTS • CA, 45 TO~S/ACRE APPLICATION 

2,7 21 17 46 L 46 L 10 L 0,04L 0,79 6,5 
2,8 18 19 46 L 46 L 10 L 0,04L 0,73 s.s 



S..\N?L E 

8913 
9948 

1131 
2566 

1511 
4030 

N 
(7\ 

S .~!" ?LE 

8113 
5 9.;8 

1131 
26 6 6 

1611 
4030 

GO ?PH · 

20 L 
20 L 

20 L 
20 L 

20 L 
20 L 

LU PPX· 

7 L 
7 L 

7 L 
7 L 

1 · L 
7 L 

Table 2.--Analyses of soils from Metropolitan Denver Sewage District's 1974 crop experiment.--Continued 

GE PPM Hf PPM· HG PP~1 HO PPM IN PPM IR PPH K ~- Ll\ PP.M · LI PPK 

WT~!KINS! SITE fiLTER•CAKE PLOTS • CA, 20 TONS/ACRE APPLICATION 

1 • 1 100 L 0,04 10 L 50 L 46 L 3.5 46 L 12 
1.2 100 L o.o3 10 L 50 L 46 L 11.9 46 L 9 

WATKINS! SITE fiLTER-CAKE PLOTS • CA, .30 TONS/ACRE APPLICATION 

0,8 100 L o.o5 10 L 50 L 46 L 1.8L 46 L 12 
1,2 100 L o.o3 10 L 50 L 46 L 4,4 46 L 7 

WATKINS' SITE fiLTER•CAKE . PLOTS • CA. 45 . TONS/ACR~ APPLICATION 

1,3 100 L 0. 0 7 . 10 L SO,L 46 L 3.5 46 L 8 
1,4 100 L o.o9 10 L 50 L 46 L 3,6 46 L 10 

. . ~ --- --
... ·· - - - ·---·· ...... --- -------~-·-· . . ···- ·· ·- ---- · - ·--

HGO % MN PPM MD PP M NA20 % NB PPM NO PPM · NI PPM OS PPM p \ 

WATKINS! SITE FILTER•Cl\KE PLOTS • CA, 20 TONS/ACRE APPLICATION 

0.4 2 230 1,6 1.7 8,5 46 L 7,8 22 L 0,3!, 
0,29 167 1. 3 1. 7 5,2 46 L 6,1 22 L O,JL 

1(1\TKir-iS I SITE flLTER•Cl\KE PLOTS • CA. JO TO NS /ACRE APPLICATION 

0,43 245 2,7 1,7 8.6 46 L 11.3 22 L 0,3L 
0,23 195 1,0L 1 • 7 6.3 46 L 4,9 22 L 0,3L 

WATKI NS' SITE riLTER•CAKE ?LOTS • CA. 45 TO NS/ACRE APPLICATION 

0,30 178 1 • 3 1 • 6 5,3 46 L 6,6 22L 0,3L 
0,34 184 1.0L 1.6 2,2L 46 L 5,9 22L 0,3L 



Table 2.- -Analyses of soils from Metropolitan Denver Sewage District's 1974 crop experirnent . --Continued 

SA"'PLE Po PPM PO PPM PR PPK PT PPM RE PPM . RH PPM RU PPM· SB PPM SC PPM·· SE PPX 

WATKI~St SITE FILTER·C~KE PLOTS • CA. 20 TONS / ACRE APPLICATION 

9913 20 2 L 22 L io L 26 r, 1 L 22 L 0.1L 5 L o.tL 
9948 18 2 L 22 L 10 L 26 L 1 L 22 L 1.7 5 L 0.3 

WATKINS' SITE FILTER•CAKE PLOTS • CA. 30 TONS/ACRE APPLICATION 

1131 28 2 L 22 L 10 L 26 L 1 L 22 L 0.3 5 L 0 .u. 
2 665 32 2 L 22 L 10 L 26 L 1 L 22 L o.IL 5 L 0.2 

WATKI~St SITE FILTE R•CAKE PLOTS • CA. 45 TONS/ACRE APPLICATION 

1511 25 2 L 22 L 10 L 26 L 1 L 22 L 0.1 5 L 0.1L 
4 0 30 18 2 L 22 L 10 L 26 L . 1 L 22 L 0.2 5 L 0.1L 

---. -------- -- - --·------
, _____ ___ ____ 

----· 

.... 

.... 
N 
-....J 

\. 

SA~PLE SI l S i~ PP M· SN PPM SR PP M· TA PPM TB PPM TE PPM TH PPM TI ' TL PPM 
\. 

WATKI ~ St SITE FILTER-CAKE PLOTS • CA. 20 TONS/ACRE APPLICATION 

t~l 3 37 464 L 1. 4 187 500 L 100 L 1000 L 300 L 0.18 46 L .... 

99~8 40 46 4 L o.7 180 5 00 L 100 L 1000 L 300 L 0.17 46 L 

WATKI NS' SITE FILT ER-CAKE PLOTS • CA. 30 TO NS/ACRE APPLICATION \. 

1 i 31 45 464 L o.a 20 5 500 L 100 L 1000 L 300 L 0.27 46 L 
2 &66 44 464 L 1. 4 199 5 00 L 100 L 1000 L 300 L 0.21 46 L \. 

WATKINS! SITE FILTER-CAKE PLOTS • CA. 45 TONS/ACRE APPLICATION 
·, 

1611 42 464 L 2.5 178 500 L 100 L 1000 L 300 L 0.19 46 L 
4 0 30 35 464 L 2.3 174 500 L 100 L 1000 L 300 L o.17 46 L 

\,. 

\, 

t; 

.. 



s .H'PLE 

9913 
9 9 48 

l! 31 
266 6 

1 :. 11 
.- o 30 

N 
o:> 

Tl'l PPM 

./ 

5 L 
5 L 

5 L 
5 L 

5 L 
5 L 

Table 2.--Analyses of soils from Metrooolitan Denver Sewage District's 1974 crop experiment·--Continued 

u PPM v P?H w PPM Y . PPM YB PPM ZN PPM ZR PPX 

wATKINS! SITE FILTEP.•CAKE PLOTS • CA. 20 TON S/ACRE APPLICATION 

464 L 25 150 L 18 3.2 54 266 
464 L 18 150 L 18 2.9 32 229 

WATKI NS' SITE fiLT~R·CAKE PLOTS • CA. 30 TONS/ACRE APPLICATION 

464 L 28 150 L 23 3.6 46 382 
464 L 19 150 L 26 4 , 0 38 335 

W>.TKISS! SITE FILTER•CAKE PLOTS • CA. 45 !pN S/ACRE APPLICATION 

464 L 21 150 L 25 3.2 55 361 
461 L 21 150 L 21 2.6 61 323 
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Table 3.--S uT.ma r v statistics f or yie ld, protein content, and concentrations of me t als t hat sho~ed si~ificant 
increases in hard winter >:heat (cv . Wichita) produced frO!:\ sludge -a lter ed soils , \.." a tkins , Colorado. 

lna ~a are based on six replicated plots pe r app lication r ate . Yield is expr essed as bu/ac r e ; protein contents, as ! ; a~d el~ent 
concentration, as parts per million . Di f fer ences in yield are si gnificant (p<.05); all others are highly si£n ifica~t (?<.01)] 

Factor Application r a te 

None ( cont rol} 20 t ons/acre 40 tons/<tcre SS t'.):"Siac -: e 
Ge o::~e tric Geome tric Obse r ved Geome tric Geomet ric Obs er ved Ge ometric Geone tric Observed Geor..et ric Geoce ~ ric CCsC?r\; ttc! 

rr ean devia tion r an ge mea n dev i a tion range mean devia tion r a:1 ge l!'ean dev iation ': a::-;:'? 

Yield----- 13 1.33 10-21 22 1. 49 14 - 35 22 1.46 16-45 23 1.52 1!.-46 

Protein--- 12 .7 1.08 11.3-13.6 15 .4 1.11 13.1-17.6 15.2 1.07 13 .8- 16 .3 16.6 1.07 15.1-17.6 

Cac::ni c:::1--- . 042 1.11 . 034-.046 .23 1. 23 .17-.32 .28 1.23 .21-.39 .23 1.24 .17-.30 

Y.an£anese - 18 1. 21 12-20 36 1.21. ·25 -42 34 1. 26 25-46 24 1.19 19 - 30 

Nicke l---- .32 1.18 .29-. 44 1.3 1. 20 1.0-1.6 1.8 1. 22 1.4-2.4 1.5 1.20 1.1-1.8 

Seleniu:n-- . 29 1.20 .25- . 40 . 31 1.33 .20-. 45 . 26 1. 21 .20-.35 .42 1.24 .35-. 60 

Zi nc------ 49 1.10 42-55 72 1.17 55-87 78 1.14 62-92 80 1.09 72-92 
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