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Lard spplication as a setk~ d for recycling liquid effim~~ t frca

numicipal ar id iiñia tria l se~~ge treat~~~t plants is of current Interest.

This net~~d has been proposed as tie final step In ~~ste ~~ter trea~~~~t

because (a) mtarter is rec~~ is~d into tie natural water cycle, (b) *ie.re

irrigation is rece~sary or desirable e~rarge eff1t~~t can be teed as

irrigation water, theraby reducing the ~~~~id on prmnery water .t~ç1ies

arid water treats~~t facilities , and (C) lard ~~~licetion has potential

for reducing camuercial fertilizer costs by tak ing adventage of tie

nutrients in sei~ ge effluent .

~11~e nejor use of numicipal se~~~e eff1t~~t irrig ation has been In

turf grass areas, such as nuiicipal parks, golf courses, caietaries,

arid higleary miudians. ?~ny 
- U.S. nLrmicipelities arid 17 Air Fbroe bases

use s~~~ge efflm.~~ t irrigation (13) . ~k:*.ever, neny of tie projects

that have b~~ i initiated, evaluate tie use of s~~~ge effitent in agri-

cultural arid forest irrigation (8,9,11). Other sttidies have b~~~
cxiiducted using s~~~ge efflt ~~t for rec].ametiam of disturbed lard areas

such as strip mines arid mine spoils. Same of these sti.xlies have been

designed to detenrd.ne tie effects of overland flc%, sewage treatnent (3, 7) .

Nmzmer~~s examples have been reported were eff1m~~ t irrigation

caused changes in soil ocimposition and In soil build s.c of water

inclusions (5,10) . Same of these soil changes are “oo’pthb1e or even

desirable; hci4ever, in same cases the build up has resulted in the

fornetion of rxrmprodmrti’ve soils (4) .

E~~ i ~there wall or river water has been used for agricultural

irrigation soil build up of water Inclusions is a prcblen. In arid

1
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- regions high evaporation rates ney ~~~.lerate aurfece socumilation of

salts, tmnis requiring a soil flushing procedure to r~~ove tie ~~~umula—

tions. H~ arver , nenagsiu~t practices for turf grass irrigation du rw*

a fls.~~ming procedure. Sewage efflm~~ ta ~~~erally contain a

diversity of Inclusions at ca~~rmtrations r~ t fti.zd in nornR l irrigation

water. Same of these inclusicris are trsdc at lc*i concentrations. Same

V of then have been d~ icnstrated to be bio]ogic~i ly m,entrated or e~~~
nageified in food chains (6) .

‘Xte present study was Initiated to detennine tie extent of salt arid

mineral accumilation aid to evaluate tie effects that have occur red

during 16 years of sa~arge effitent irrigation as. turf grass at tie U.S.

Aix Poroe Acad~~~.

:1

4 ’
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SITE ~~FICV

Locetion and C].inete1

Tie Air Fbrc~ Acar~~ny is located 11 miles rxmrth of (bloradu ~~~thgs

in El Paso ~~is.ty, Colora&. It inc1tx~ s 17,900 acres of foothills arid

plains at an altitude ranging fran 6, 340 to 8,000 feet on tie eastern .

slope of the ~~dcy ?bu~mtains (Figure 1).

V 
~~i

- Air Fbrce ?~ca~~ny lies in an area ~Eere a oonti~~~ta1-type

clinate prevails; tie simmers are long arid ween, and the winters are

sbort arid occasionally quite cold. ‘lie athc~~*eric pressure is about

76% of that at sea level aixi tie lunidity averages about 53.5% . ‘lie

prevailing clinate is characterized by limited arid erratic rainfall,

high winds in the late fall arid early spring, arid high evaporation

(Table 1). Because of the rain-sh~~~ , effect of the Continental Divide,

weather is changeable. Tie high n~~ntains to tie west of tie ~rwI~ui!y

block the atnoepheric noisture originating fran the Pacific (bean so

that the pr imary sour~~ of imoisture is tie Qilf of )~ xico. ‘lie trans-

port of atxmosp&eric water fran the Qilf into c~ s.tral (bloraik is rot

cxrmsistent. Conseuently, nost of tie area has relative lc~i hunidity

and l~~ precipitation.

Average annual precipitation is 17.5 inches which is slightly rrore

than a s~niarid clinate. There is a distinct iraxinun average in tie

spring and sumner of 1.9 arid 2.4 Ixicies per nwth, respectively, arid a

rninizun average of 0.53 inches per ncr~th in the winter. The winter

nd.ninun is dus to the infrequent occurrence of northerly noving storne

V 

ocmplete description of tie location arid cliimate of the Air P~roe
Acad~~~ has been reported by Varnea et al. (12) .

3
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which bring Q,lf noisture to the region. Tie average aniaal ~~~ fall

imeasures 66 inches per year. Tie winter a~~ s are preserved on the

north facing elopes lzltil the wa~ oer spring days wt~~ the weter soaks

into the ~~o~zid before plant ~~a~th begins.

~~ring arid sumner bring nirh imore frequant m~~~~ t of air fran

the south arid nore solar rediation to pro&oe convective al~~mrs. In

• 
13 years of record, the largest precipitation was 2.9 indies in July,

while 0.4 inches was recorded for tie January average (Table 1).

A large portion of the precipitation ~~~mms in sbort, often destrmx~-

tive, cloud borsts which are generally localized. This rainfall is so

rapid that imost of tie noisture is lost to ri.nx ff . Average precipita-

• ticti values are n~~~ tç of neny years slightly weller than normal arid

a few years above normal. Itet years will be be].~ , tie average.

E~ctrømes of twperature (Table 1) can take place within 24 lours,

but extended periods of sm.tzero weather or of tamçeratures above 100°F

are rot cc~w~~. The average date of the last killing frost at Color~~~
Springs is April 27 , arid of the first, October 14. The grouid becomes

frozen about Nov~ rber 30, but tie depth of frost penetration deparids on

tie ~ çosure arid altitude. Tie frost goes deeper arid stays longer on

north facing slopes. The groizid freezes to a depth of 2 feet in an

average winter arid rarely to 4 feet. - 
-

Freeze data are deparident tçon mininun taiperatirea which can vary

considerably over abort distances since cold air taxis to flai ~~~ to

lan elevations arid became tra~~ed. Intense cold air pools can form in

canyons, river vellays arid lan spots in flat terrain.

Mean wind speed at the Acadany is 9 knots, 1x*rever, wind speeds

can be highly variable (Table 2) . The prevailing wind direction is

6
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south-southeast. In the i.nmadiate lee of the ~~ckiea a type of wind

event, 1ax~a~m as a thii~~k , is freq~~~t1y experienced. Measuraments of

the wind over both space and tine are limited but they ~~ indicate that

speeds e~u,eed 60 mph several tines a year arid it is possible that same

locations occasionally e~au~eed 100 mph.

Geoloqy arid Soils

Precambrian Pikes Peak Granite fome tie ncuitains of tie Rampart

Range at tie west edge of the Academy area. Tie pre~~ninant bedrock

within tie Acadeimy area is Daweon Arkose of ~~etaceous arid Paleoomne

age. Tie Dawson Arkose consists about equally of coarse arkosic sand-

stone and of inter be~~~d lenticular siltstcne and clay.

Tie several stages of &~~icutting and alleviation have prodmx~d

• gravel-covered bedrock surfaces at three levels. P~ rnants of these

pedinents that trend eastward fran tie mountain fra~it form narr~~
fingerlike mesas at t~ levels and broader valleys at tie third arid

youngest level. These ridges arid valleys texxmdnate at the pri ncipal

line of dra inage, ?trniment Creek, which flans southward through tie

eastern part of the Academy gro~mds.

‘lie soil type analyzed has been reported as sandy loan.

A complete description of the geology of tie Air Fbrce Academy site

has been reported by Varies et al. (12) .

O~1f Course and Irrigation System

The Eisenl~~~ r (~,lf Course is located in South Lelmarm Valley at the

Academy (Figures 1 and 2) . The first co.irse was opened in 1960 with 18

boles and a driving range (Figure 3) .  in oonstx’~cticm of the course,

H 
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provision was n~~~ for sprinkler irrigation with z~~m-potable water.

!.bdification in 1975 relocated sprinkler heads in order to avoid irriga- p
tion of trees in a number of areas and to more efficiently distribute

water in turf areas. Irrigation with nai-çotable water has been

oontintx~us on this course since tie system was activated in 1960.

Irrigation Water Source

Irrigation water for tie golf course originates fran tie Air Fbroe

- 
I Academy Sewage Treatment Plant. The plant inchides both full prinmxy

arid secxr&dary treatment (1) . Sewage effluent is pumped seqm~~ tially

through a series of mx~ -potab1e reservoirs. ‘liese have been identified

as non-potable reservoirs 1, 2 , 3, and 4 , as defined by tie pumping

sequence (Figure 2) . Reservoirs 1 and 2 are aeriated. Water for golf
• course irrigation is taken fran non-potable reservoir 2.

Plant Species on tie Eisenh~~er Golf Course

The ~~~irant tree species on the golf course in Paidercsa Pine

(Pinus ponderosa). Fairways have been seeded with cximu~~i bluegrass

(Poe praterisis), redtop (Agrostis aTha) and colonial bentgrass (Agrostis

tenuis). Greens and tees have been seeded with seaside bentgrass

(Agrostis palustris).

• Repeated botanical cbservations have been made by Air ~brce Academy

personnel (unpublished data) . These cbservations have irvlicated a

gradual shift of species density on greens, tees, arid fairways fran the

preferred seeded perennial grasses to the less desirable, ehalla~ rooted

annual bluegrass (e.g. , Poe annua). In fact, it is estimated that same

areas are n~ q more than 90% annual bluegrass.

11
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~~~ LD~G P~~~~~ L Ala) N~ LYTICAL R~~~~~

Water C~m~oeition

In 1975 a water sampling progrem was Initiated for the Acad~’uy Golf

Course. Samples ware drawm fran the irrigation system during a period

of active irrigation. These samples ware analyzed by tie USPiF

0oc~çationa]. and ~~vironnenta1 Health Laboratory, Kelly AFB, Texas, arid

the results are presented in Table 3.

Water Applicatiai Rates

Although quantitative application rates for irrigation water are

nct available, the foll~ iing estimate has been provided by tie Golf

Course Superintendent:

a. Approximately 110 acres of the golf course are irrigated.

b. There are 753 sprinkler heads used to irrigate the golf

course.

c. Each sprinkler lead output is 28 gallons per minute.

d. Each sprinkler lead runs approximately 15 minutes per night

for approximately 180 days per year.

e. ‘15’Ie annual irrigation rate is 1.58 acre feet ~er year2.

Nutrient Application Rates

Estimated application rates for tie nutrient content of tie irriga-

tion water are given in Table 43
• ‘ney are presented only to give an

“order of nagaittile” estimate for tie rate of application.

2The calculation for water application rate is as foU~ is:
(753 h~&i)~ (28 gal/~nin/Fead) (15 mm /day) (180 days/yr) + (110 acres)

517,516 gal/acre/yr
517,516 gal/acre/yr 328,012 gal/acre ft 1.577 acre ft/yr

3The calculation for water inclusions is in po~zids per acre per year.
Note that they are based on only three water samples and the estimated
water application rate.

13
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Table 3. Irrigation Water Analysis

Test ~~~ 14 ~~~ 75a 20 Oct 75a 20 I :  75a Averagea

Mucrmia Nitrogen 19 <0.2 17.5 12.2
C~~niun <0.01 <0.01 <0.01 <0.01

themmical Cbcygen Demand 28 11 33 24
thl.orides 28 28 24 27
chraniun (Hexavalent) <0.01 <0.01 <0.01 <0.01

thraniumm (1~ta1) <0.05 <0.05 <0.05 <0.05

Color 25 units 20 units 20 units 22 units
Ccçper <0.02 <0.02 <0.02 <0.02

Cyanides <0.01 <0.01 <0.01 <0.01

Dissolved Solids 189 242 318 250

Flix,rides 0.5 0.6 1 0.7

iron 0.33 0.12 0.2 0.22

Lead <0.05 <0.05 <0.05 <0.05 -
•

!‘~ngarese • 
0.2 <0.05 <0.05 0.1

?‘~ rcury <0.005 <0.005 <0.005 <0.005

Nitrates <1 1 50 17

Nitrate Nitrogen <0.02 0.07 0.07 0.05

Oils and Greases 0.4 0.6 0.6 .53

Pherols 0.205 0.03 <0.001 0.079

Phos~thates 23.5 18.2 18.8 20.2
Silver <0.01 <0.01 <0.01 <0.01

Sulfates 32 35 34 34
Surfactants 0.5 0.3 0.2 0.3

!I~ tal Organic Carbon 10 2 14 9
Turbidity 2 units 4 units 4 units 3 units
ZinC 0.05 0.1 0.05 0.07

aAll results in xaj/l unless otherwise rK)ted.

14
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Table 4. Nutrient Application Rate Estimates —

Application Rate
Test Run lb/acre/yr

Anim~~ia Nitrogen 52.6
Cadmim.zn 0.04
a~~nica1 Oxygen D~ end —

thlorides 116
thrammitin (Hexavalent) 0.04
thraniun (‘ibtal) 0.22
Color —

Copper 0.09
Cyanides 0.04
Dissolved Solids 1,077
Flix rides 3.0
Iron 0.95
Lead 0.22
Manganese 0.4
Marcury 0.022
Nitrates 73
Nitrite Nitrogen 0.22

Oils and Greases 22.8

Plero].s 0.340

Phos~thates 87.1
Silver 0.04

Sulfates 147
Surfactants 1 • 3
¶lbtal Organic Carbon 39
Turbidity —

Zinc 0.30

1b determime tie amount of cl~~nical effluant deposited
in lb/acre/year, tie water concentrations obtained by

analysis at the &mvironnental Health Laboratory at
Kelly ~FB are treated as fo11~~s:

(mg of chemmical/l) (.001 ~J1m~) (.0022 lb/g) (1,959 ,012
1/acre/year) = lb of chenical/acre/year

15
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Soil Analysis

Soil analysis data are available sir~~ 1964 for turf areas (greens,

tees and fairways). All soil analyses e~u~ept tbose condi.cted in 1971

and 1972 ware performed by tie Cooperative Extension Service and

Experimental Station Soil Testing Laboratory, Co1ora~~ State University,

~~rt Collins , Co1or~~~. ‘me 1971 arid 1972 sample analyses ware per—

formed by tie Turf Service Bureau, Sewage Qxinission, City of Milwaukee,

Wiscxrisin.

‘i~o sampling techniq!~es have been employed for tie collaction of

soil, samples. Fran 1964 through 1975 , cuxposite samples ware taken to

a 3 inch depth using a 1 inch diameter soil pr~~~. ‘lie results are

presented in Table 5. Soil samples taken on greens, tees, and fairways

in late 1975 and 1976, ware taken with a 3 inch diameter soil auger.

In 1975 tIe samples ware coflected to a ~~pth of 36 inches in 3 inch

i 1 ~~1~~ts and to a depth of 12 inches in 1976. These results are

s1~~n in Table 6.

Soil samples ware also taken fran adjacent forested areas with the

soil auger. In 1975, the samples ware taken in 6 inch increments to a

depth of 36 inches. In 1976 , tie samples were taken in 3 inch increments

to a depth of 18 inches. Tie results of these samples are sl~~ n in

Table 7. ‘lie results labeled ~~ tro1 in Table 7a are fran a r~~-

irrigated natural forest site. lie samples labeled fresh water ~~~trol

in Table 7b are frau a fresh water irrigated site on the P~adem~y grounds.

All other samples (Table 7) are fran sites which have been under irriga-

tion since 1960 and which shag stress .

16
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Table 5c. G~1f Q urse Irrigated Turf Areas as a
Function of Location (Green #1)

Year 1965 1966 1968 1971 1972 1973 1975 1975

Depth 0—3 0—3 0—3 0—3 0—3 0—3 0—3 0—3
(i~~es)

!1I 1:5 7.8 6.3 6.8

~iI (paste) 5.7 5.7 6.5 6.9 7.1
Salts , .9 1.1 .8 1.0 2.9 1.0
ni*~os/an

Nitrates 2 2 99+
H

P205 (~~zn) 84 •96 150+

P (~pn) 465 305 65 80+ 80+

K20 (~~xn) 90 225 258 380 1220
K ( ~~m~) 500+ 500+ 380

Zn (rc’~) 10.04’ 9.99+ 9.99+ 9.99+
-

~ Fe (p~in) .40.0+ 40.0+ 40.0+ 40.0+
-
~~~ Pig (~pn) 970 1260

N a ( ~pn) 330
thiorides 250
Sulfates Trace
Gypsum .9

Cu (ppm) 4.6

Lime 0.0 0 • 0 Low I~~i Law
Organic 5.8 4.1 11.0 5.0+ 5.7 .4.3
Matter(%)

Ca (~çin) 3200 13200
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Table 5d. ~~1f Course Irrigated Turf Areas as a
Function of Location (~~een #2)

Year 1965 1966 1968 1971 1972 1973 1975 1975
Depth 0—3 0—3 0—3 0—3 0—3 0—3 0—3 0—3

(inches)
FII 1:5 8.1 6.6 7 ,2.

~1I (paste) 5.8 5.8 6.5 7.1 6.9
Salts, .7 1.3 1.4 1.0 2.6 1.2

xmith s/an
Nitrates 2 1 99+

(ppm)

P2~5 (ppm) 92 .77 150+
P (ppm) 435 315 69 80+ 80+
K20 (ppm) 85 148 270 380 1325
K (ppm) 500+ 500+ 434
Zn (ppm) 10.0+ 9.99+ 9.99+ 9.99+
Fe (ppm) 40.0+ 40.0+ 40.0+ 40.0+
Pig (ppm) 950 1260
Na (ppm) 330
thiorides 250
Sulfates Trace
Gypsum .9
Cu (ppm) 6.5
Line 0 0 Low Low low Low
Organic 4.7 4.5 10.6 5.0+ 5.2 6.7

?~ tter(%)
Ca (ppm) 3350 12600 
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Table 5e. G,lf Course Irrigated Turf Areas as a
Function of Location (Green #3)

Year 1965 1966 1968 1971 1972 1973 1974 1975 1975
Depth 0—3 0—3 0—3 0—3 0—3 0—3 0-3 0—3 0—3

(inches)
rII l:5 6.8 6.5

r” (paste) 5.5 5.7 6.3 7.0 6.5 9.1
Salts, .9 1.4 1.0 1.1 2.9 .6

-

Nitrates 16 90
(_ -

I’2~S 
(ppm) 82 .92 150+

P (ppm) 575 315 67 80+ 80+
K 20 (ppmm) 75 198 253

K (ppm) 480 1325 490 500+ 368
Zn (ppm) 10+ 9.99+ 9.99+ 9.99+

Fe (ppm) 40.0+ 40.0+ 40.0+ 40.0+

Mg (ppm) 850 1260
Na (ppn) 240
thiorides 250
Sulfates Trace
Gypsum .9
Cu (ppm) 8.9
Line 0 0 Low Lc*i tow tow
Organic 5.9 5.1 10.4 5.0+ 6.4 7.0
M~tter(%)

Ca (ppm) 2700 16200 
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Table Sf. Q,lf Course Irrigated Turf Areas as a
Function of Location (Green #4)

Year 1965 1966 1968 1971 1972 1973 1974 1975 1975

Depth 0—3 0—3 0—3 0—3 0—3 0—3 0—3 0—3 0-3
(inches)

~II 1:5 6.4 6.4 . 6.8

~&i (paste) 5.4 5.45 6.3 6.7 6.9
Salts, 1.4 1.1 1.0 1.4 2.0 1.8 ‘

nithos/c~u
• Nitrates 30 3 98

(ppm)

~t~5 (ppm) 94 -76 150
P (ppm) 465 315 61 80+ 76

K20 (ppm) 95 163 500+ 320 890

K (ppm) 445 500+ 343

Zn (ppm) 10+ 9.99+ 9.99+ 9.99+

Fe (ppm) . 40.0+ 40.0+ 40.0-4- 40.0+

Mg (ppm) 800 800 H

Na (ppm) 210

Chlorides 250
Sulfates Trace

Gypsum ‘9
Cu (ppm) 4.9

Line 0 .1 Low Low Low Low

Organic 5.6 4.4 9.2 3.7 7.0 4.5
Matter (%)

Ca (ppm) 2400 4800

24
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Table 5g Golf Cours e Irrigated Turf Areas as a
Function of location (Green #5)

Year 1965 1966 1968 1971 1972 1973 1975 1975

Depth 0—3 0—3 0—3 0—3 0—3 0-3 0—3 0—3
(inches)

~II 1:5 6.8 6.5 6.9
- •  ~~r (paste) 5.5 5.4 6.4 6.8 6.6
-
~~ Salts , 1.3 1.5 1.0 1.3 3.0 .6

nir&s/cmi
Nitrates 6 3 77

P2~5 (ppm) 79 77 150+
P (ppm) 445 445 69 80+ 74

K20 (ppm) 70 165 500+ 285 1325
K (ppn) 490 500+ 317

Zn (ppm) 10+ 9.99+ 9.99+ 9.99+

Fe (ppm) . 40.0+ 40.0+ 40.04- 40.0+

Mg (ppm) 900 1390
Na (ppn) 250

chlorides 250

Sulfates Trace

Gypsum .9
-

, Cu (ppm) 3.6

Line 0 0 tow Low tL~iJ

Organic 4.9 4.9 8.0 5.0 7.0+ 4.1
Matter(%)

Ca (ppm) 2300 11700

25 
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Table Sh. Golf Course Irrigated Turf Areas as a
Function o~ Location (Green #6)

Year 1965 1966 1968 1971 1972 1973 1975 1975

Depth 0—3 0-3 0-3 0-’3 0-3 0—3 0—3 0—3
(inches)

F11 1:5 6.8 6.7 7.9

~II (paste) 5.5 5.8 6.6 7 ,0 6.4

Salts, 1.1 1.3 1.0 1.0 2.8 .9
niitris/an • —

Nitrates - 4 2 80
(—

P2~5 (ppm) 73 • 72 150+
P (ppm) 435 375 61 80+ 76
K20 (ppm) 75 143 500+ 320 1010

-

~~ K (ppm) 403 500+ 303

Zn (ipn) 10+ 9.99+ 9.99+ 9.99+

Fe (ppm) 40.0+ 40.0+ 40.0+ 40.0+

Pig (ppm) 1000 1390
Na (ppn) 300
Chlorides 250
Sulfates Trace

Gypsum .9

Cu (ppm) 3.6
Line .1 .1 Low t.ow Low —

Organic 4.9 4.9 8.0 5.0+ 6.2 4.1
Matter(%)

Ca (ppm) 3100 15400

-J - 
•
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Table 5i. Golf Course Irrigated Turf Areas as a
Function of Location (Green *7)

Year 1965 1966 1968 1971 1972 1973 1975 1975
Depth 0—3 0—3 0—3 0—3 0—3 0—3 0—3 0—3

( inches)

~~Ii 1:5 6.8 6.7 6.8

~~I1 ~‘.paste) 5.6 5.1 6.5 6.9 7.3
Salts, 1.0 1.3 1.1 1.1 2.0 hO

Nitrates 10 2 93
(ppm)
P2~5 (ppm) 85 90 150
P (ppm) 355 425 58 80+ 69
1(20 (ppm) 75 225 500+ 340 1615
K (ppm) 500+ 500+ 417

Zn (ppm) 10+ 9.99+ 9.99+ 9.99+

Fe (ppm) 40.0+ 40.0+ 40.0-i- 40.0+

Pig (ppm) 625 1200
Na (ppm) 150

Chlorides 250
Sulfates Trace 4
Gypsum .9

Cu (ppm) 4.8

Lime .1 .1 Low Low Low Low

Organic 5.1 .5 9.2 5.0+ 6.4 4.2
Matter(%)

Ca (ppm) 2200 13000
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Table 5j. Golf Course Irrigated Turf Areas as a
Function of location (Green #8)

Year 1965 1966 1968 1970 1971 1972 [973 1975 1975
Depth 0—3 0—3 0—3 0—3 0—3 0—3 0—3 0—3 0—3

(inches)

~ii 1:5 6.4 6.8. 7.0

~II (paste) 5.4 7.1 5.55 6.7 6.9 7.5
Salts, 1.0 1.1 .9 .7 1.1 1.4 1.0
nirh~s/an

Nitrates 4.8 5 30 90
(ppm)

P2~5 (ppm) 77 60 150+
P (rc im) 57 450 415 64 80+ 70

~~~ 
(ppm) 70 138 500+ 400 1550 

-

K (ppm) 105 500+ 500+ 429
Zn (ppm) 10+ 6.95 9.99+ 9 99+ 9.99-i-
Fe (ppm) 40.0+ 40.0+ 40.0+ 40.0+ 40.0+
Pig (ppm) 

- 

770 1320
Na (ppm) 240
Chlorides 250

— Sulfates Trace
Gypsum <1.0 

. 
.9

Cu (ppm) 4.5
LuTe .2 0 La.s’ Low tow Low
Organic 6.0 .4 11.0 5.0+ 5.5 5.8
Matter(%)

Ca (ppm) 2600 14200

28
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Table 5k. Golf Course Irrigated Turf Areas as a
Function of locati on (Green #9)

Year 1965 1966 1968 1971 1972 1973 1975 1975

Depth 0—3 0—3 0—3 0—3 0—3 0—3 0—3 0—3 J -

( )

~II 1:5 7.8 6.5 7.0_

~fi (paste) 6.2 6.0 6.5 7.0 7.6

Salts , 1.2 1.3 1.2 .9 1.0 1.3
• nir&-x~s/cmt

Nitrates 1 9 99+
• (ppm)

!‘2~5 (ppm) 105 -70 150+
P (r.cln) 420 395 58 804- 79
1(20 (ppm) 113 203 463 660 1475
K (ppm) 445 500+ 457 H

Zn (ppm) 10+ 9.99+ 9.99+ 9.99+

Fe (ppm) 40.0-I- 40.0+ 40.04’ 40.0+

Pig (~~zn) 880 1260

Na (ppm) 340
Chlorides 250

Sulfates Trace 
- 

-

Gypsum .9

Cu (ppm) 6.4

Line .2 0 tow Low Low Low

Organic 5.5 3.3 9.0 5.0 5.4 5.5
Matter (% )

Ca (ppm) 3200 12800
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Table 51. Golf Course Irrigated Turf Areas as a
Function of Location (Green #10)

Year 1964 1966 1968 1971 1972 1973 1975 1975
Depth 0—3 0—3 0—3 0—3 0—3 0—3 0—3 0—3

(inches)
r~1 1:5 6.0 6.6 7.0

~I! (paste) 5.5 6.1 6.3 6.6 7.3
Salts , .6 1.3 1.1 1.2 1.7 .4
flttt3s/(lfl

Nitrates 16 10 96
(ppm)

P
2~~

5 
(ppm) 70 . 81 150+

P (ppm) 390 395 64 80+ 76

1(20 (ppm) 40 213 500+ 325 1565
K (ppm) 500+ 500+ 406
Zn (ppm) 10+ 9.99+ 9.99+ 9.99+
Fe (ppm) 40.0+ 40.0+ 40.0+ 40.0+

Mg (ppm) 1000 1460
Na (ppu) 270
Chlorides 250
Sulfates
Gypsum .9

Cu (ppm) 4.9
Line .4 .2 low tow Low Low
Organic 2.7 5.3 8.8 5.0+ 4.3 5.3

Matter(%)
Ca (ppm) 3100 13600 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ _ _ _  _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~



~ -,~ -—-- -~ --“ ,--w— -~ —-~~~~~~—— _ _ _ - - --- -‘----—~~~~--
_ - - - - - -~~ — 

_dt 
— --

Table Sm. Golf Course Irri gated Turf Areas as a
F~nx~tion of location (Green #11)

Year 1964 1966 1968 1971 1972 1973 1975 1975

Depth 0—3 0—3 0—3 0-3  0—3 0-3 0-3 0-3
( inches)

~Ii 1:5 6.5 6.6 6.9

~&1 (paste) 5.6 5 .8  6 .4 6.9 7 .4

Salts , .4 1.4 1.4 1.0 1.4 .9 $ 1

nwrtris/an
Nitrates 2 94 99+

(ppm)
P2~5 (ppm) 110 .86 150+
P (ppm) 415 475 61 804- 71

1(
2
0 (ppm) 35 175 220 335 1500

K (ppm) 425 500+ 420

Zn (ppm) 10+ 9.99+ 9.99+ 9.99+ ]
Fe (ppm) 40.0+ 40.0+ 40.0+ 40.0+

~ig (ppm) 1010 1260

Na (ppn) 350
- - Chlorides 250

Sulfates Trace I -
Gypsum .9

Cu (ppm) 7.6

- ~I Line .1 .2 low Low Low Low

Organic - 3.7 2.7 13.6 5.0+ 6.5 6.2
- 

I Matter(%)
Ca (ppm) 2800 12600
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Table Sn. Golf Course Irrigated Turf Areas as a
~~ x~tion of location (Green #12)

Year 1964 1966 1968 1970 1971 1972 1973 1975 1975

Depth 0—3 0—3 0—3 0—3 0—3 0—3 0—3 0—3 0—3
Ur~hes)

~f1 1:5 6.5 6.8 
- 

6.7
p&1 (paste) 5.1 7.5 5.5 6.6 6.8 7.5
Salts, 1.0 1.1 1.5 .5 1.1 1.1 1.2
nnfris/an
Nitrates 2.0 14 3 99+

(ppm)
P2~s (ppm) 63 68 150+ 665 425

P ( p pn) 47.5 63 80+ 74
1(

2
0 (ppm) 48 193 280 515 1810

K (ppm) 73 5004- 500+ 266

Zn (ppm) 10+ 3.34 9.99+ 9.99+ 9.99+
Fe (r.pn) 40.0+ 40.0+ 40.04’ 40.0+ 40.04-

Mg (ccim) 950 1390

Na (ppm) 275

Chlorides

Sulfates
Gypsum <1.0 .9
C u ( ppm) 5.8
Line .2 .2 Low 0 Low tow Low
organic 4.4 5.4 8.9 1.6 5.0+ 6.3 4.9
Matter ( % )

Ca (ppm) 2450 15800
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Table So. Golf Course Irriga~~~ Turf Areas as a

- 

- ~ mction of location (Green 113)

Year 1964 1966 1968 1971 1972 1973 1975 1975

Depth 0—3 0—3 0—3 0—3 0—3 0—3 0—3 0—3
(inches)

~I1 1:5 6.3 6.6 6.7

~~ (paste) 5.6 6.0 6.6 6.9 7.4

Salts , 1.0 1.2 1 7  
- 

.9 2.4 .9
• fl~~~~~ 5/Ofl

Nitrates - 4 60 99-4-
(ppm)

P2~ 5 
(ppm) 25 - 77 150+

P (ppm) 435 335 62 80+ 80-i-

1(
2
0 (ppm) 40 198 153 345 635

K (ppm) 500+ 500+ 471

Zn (ppm) 10+ 9.99+ 9.99+ 9.99+
- 

- 
Fe (ppm) 40.0+ 40.0+ 40.0+ 40. 0+

H Mg (ppm) 1000 940

Na (ppm) 350

Chlorides 250

Sulfates l’race
Gypsum .9

Cu (ppm) 7.6

Lime .1 .2 low Low Low

Organic 4.9 5.1 5.6 5.0+ 5.5 6.2
Matter(%)

Ca (ppm) 3200 3200
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Table 5p. Golf Course Irrigated Turf Areas as a
Function of location (Green 114)

Year 1964 1966 1968 1971 1972 1973 1975 1975

Depth 0—3 0—3 0—3 0—3 0—3 0 - 3  0—3 0—3
(inches)

111 1:5 5.8 6.4 6.5

~ 1 (paste) 5.5 5.4 6.4 6.8 6.9

Salts, .8 1.3 1.4 .8 2.1 1.4
nErh,s/an •

j  Nitrates 3 2 99+
(rpm)

~‘t~S (ppm) 68 • 94 150+
P (rp~

) 420 415 66 80+ 80+

K2O (ppm) 45 203 500+ 370 1475

K (ppm) 5009- 500+ 497

Zn (ppm) 10+ 9.994’ 9.99+ 9.994-

Fe (ppm) 40.0+ 40.0+ 40.0+ 40.04-

Mg (ppm) 800 1200

Na (ppfl) 240
- -

- Chlorides 250

Sulfates
Gypsum .9

Cu (ppm) 7.8

Line .1 .1 tow Low Low

Organic 3.4 5.2 10.6 5.0+ 5.5 7.0
Matter(%)

Ca (ppm) 2550 13600

-
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Table 5g. Golf Course Irrigated Turf Areas as a
Function of location (Green #15)

Year 1964 1966 1968 1971 1972 1973 1975 1975

Depth 0—3 0—3 0—3 0—3 0—3 0—3 0—3 0—3
(inches)

~II 1:5 6.6 6.8 6.6

• ~fI (paste) 5.5 4.8 6.8 6.6 7.2

Salts , .5 1.5 .8 1.2 3.2 .7
• ntth,s/an

Nitrates 14 99+ 99+
(ppm) 

-

~~~~~~~~~

~2~s (ppm) 58 - 92 150+
P (ppm) 310 425 65 80+ 80+

1(20 (rpn) 35 258 185 285 1220

K (rp~
) 415 500+ 395

Zn (ppm) 10+ 9.99+ 9.994- 9.99+

Fe (ppm) 
- 
40.0+ 40.0+ 40.0+ 40.04-

Mg (ppm) 600 1320
- 

- 

Na (ppm) 160

Chlorides 250

Sulfates Trace
Gypsum .9

- — 
Cu (ppm) 8.2

Lime .2 .6 La~i Low Low Low

Organic 3.3 4.4 9 .6 5.0+ 5.3 7.0
Matter(%)

-, 

Ca (ppm) 1650 12100

r -

H 
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Table Sr. Golf Course Irrigated Turf Areas as a
Function of Location (Green #16)

Year 1964 1966 1968 1971 1972 1973 1975 1975
Depth 0—3 0—3 0—3 0—3 0—3 0—3 0—3 0—3

(inches)
rfl 1:5 6.0 6.6 6..6

~~~~~ 
(paste) 5.5 5.7 6.3 6.8 6.9

Salts, .6 1.4 .9 1.1 3.1 1.6
nrth3s/an . 

- 

-

Nitrates 4 1 99+

- I 
(rpm) 

-

~2~5 (ppm) 22 - 93 150+
P (ppm) 465 395 64 80+ 80+
1(

20 (ppm) 33 193 500+ 245 1025

K (ppm) 365 500+ 446

Zn (rpn) 10+ 9.99+ 9.99+ 9.99+

Fe (ppm) - 
40.0+ 40.0-i- 40.0+ 40.0+

Mg (ppm) 800 1390 —

Na (ip~
) 260

Chlorides 250

Sulfates Trace

Gypsum .9

Cu (ppm) 8.2

Line .1 .2 low Low Lc~ tow

Organic 2.4 4.6 13.6 5.0+ 5.0 7.0 
I 

-

Matter(%)
Ca (rp~

) 2450 12800

- 
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Table 5s. Golf Course Irrigated Turf Areas as a
Func tion of Location (Green 117)

Year 1964 1966 1968 1970 1971 1972 1973 1975 1975

Depth 0—3 0—3 0—3 0—3 0—3 0-3 0—3 0 3  0-3
(inches)

— ~II l:5 6.6 6.4 . 6. 7

pu (paste) 5.2 7.2 5.4 6.6 6.4 7.1

Salts , .4 1.1 .9 .5 1.4 2.5 .9
1TE**o)s/cnm

Nitrates 7.0 25 68 99+
(ppm)

P2~5 (ppm) 24 77 150-4-

P (ppm) 61,5 475 445 69 80+ 80+

K20 (ppm) 50 153 298 245 1025

K (ppm) . 95 483 500+ 349

Zn (ppm) 10+ 10-I- 9.99-I- 9.99-I- 9.99+

Fe (ppm) 40.0+ 40.0+ 40.0+ 40.0+ 40.04-

800 1520

Na (ppm) 240

Chlorides 250

Sulfates Trace

Gypsum <1.0 .9

Cu (ppm) 4.9

Lime .1 .1 Low 0 Low tow t~~,

organic 1.8 4.4 11.9 4.3 5.0+ 5.4 6.2
Matter(%)

Ca (rpn) 1650 11500

__
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Table 5t. Golf Course Irrigated Turf Areas as a
Function of Location (Green #18)

Year 1964 1966 1968 197]. 1972 1973 1975 1975

Depth 0-3 0—3 0—3 0—3 0—3 0—3 0—3 0—3
(inches)

pui 1:5 6.7  6. 4 6.7

pui (paste) 5.9 5.4 6.6 6.6 7.4

- - Salts , .5 1.1 1.0 .7 2.6 .8
ni*os/an

Nitrates 6 15 99+
(rpm)

~i’5 
(ppm) 47 80 150+

P (aim) 385 415 58 80+ 80-4-

1(20 (ppm) 45 208 360 385 1475

K (ppm) 225 500+ 413

Zn (ppm) 10+ 8.35 9.99+ 9.99-I-

Fe (ppm) 40.0+ 40.0+ 40.0-I- 40.0-I-

Mg (ppm) 
- 

775 1390

Na (pçlfl) 220

Chlorides 250

Sulfates Trace
Gypsu m

Cu (ppm) 6.1

Line .2 .1 Low Low tow tow

Organic 2.8 4.9 8.6 4.0 6.3 6.7
Matter(%)

Ca (ppm) 2400 8400

I
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Table 6a. Golf Course Irrigated Turf Areas as a
Function of Depth of S~ ip1e (Tee 17)

Year 1976 1976 1976 1976
Depth (inches) 0—3 3-6 6—9 9—12

Eli 1:5 6.6 6.6 6.6 6.8

Salts , nm*~ s/am 1.2 .5 • 7 • 6
Nitrates (ppm) 16 6 7 4

P (ppn) 130 41 39 16

K (ppn) 195 93 93 55

Zn (ppm) 26.7 1.8 1.3 .8

Fe (ppm) 183.2 38.2 37.7 16.3

Cu (ppm) 3.95 .57 .53 .26

Lire l~~ tow Low tow
Organic Matter (% ) 6.5 1.6 1.1 .5
W (ppn) 10.0 3.4 5.7 3.5

Table 6b. Golf Course Irrigated Turf Areas as a
Function of Depth of Sample (Faix~ay 17)

Year 1976 1976 1976 1976

Depth (inches) 0—3 3—6 6—9 9—12 I -

p&I 1:5 - 6.7 6.9 7.2 6.8

Salts , ntr*~,s/an .9 .9 .8 1.9

Nitrates (ppm) 12 8 8 8

P (ppn) N/A 64 19 25

K (ppn) 220 133 93 95

Zn (ppm) 14.4 2.3 1.0 1.7

• Fe (ppm) 168.3 73.8 - 31.0 44.8

Cu (ppm) 2.6 .79 .46 .77
Low tow tow low

Organic Matter (%) 6.1 1.3 .9 1.3
Ma (~pn) 11.3 7.3 8.5 6.0

v~I
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Table 6c. Golf Course Irrigated Turf Areas as a
Function of Depth of Sample (Green 15)

Year 1975 1975 1975 1975

Depth (inches) 0—2.5 2.5—5 0—5 5—10

~If 1:5 6.5 6.8 6.6 6.3
Salts , nut~ s/an .8 .9 .8 .4

-
- - Nitrates (ppm) 99+ 91 77 24

P (ppn) 71 60 53 21

K (ppm) 373 282 246 117
Zn (ppm) 9.99+ 9.99+ 9.99+ 1.1

Fe (ppm) 40.0+ 40.04- 40.0+ 34.4

GYPS
~
.IU 

- 
.9 .9 .9 .9

Cu (ppm) 1.6 4.2 4.7 .42

Line tow Low tow Low
Organic Matter (% ) 6.7 4.3 3.5 1.2

Table 6d. Golf Course Irrigated Turf Areas as a
Function of Depth of Sample (Green 16)

Year 1976 1976 1976 1976
Depth (inches) 0—3 3—6 6—9 9—12

pH 1:5 6.8 6.8 6.7 6.2

Salts , nut~ s/cm~ .7 .5 .6 1.1
Nitrates (ppm) 18 9 8 9

P (ppm) 73 64 34 26

K (ppm) 325 200 210 170

Zn (ppm) 35.5 3.5 2.2 3.4
Fe (1pm) 164.3 93.2 40.7 58.9

Cu (ppm) 7.84 1.04 .61 1.14

Line low tow low tow •

Organic Matter (%) 6.5 2.1 1.9 1.4
Ma (ppm) 4.5 1.9 9.4 11.7

- :  40 
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Table 6e. Golf Course Irrig ated Turf Areas as a Function of

Depth of Sample (Turf Behind Green 16)

Year 1975 1975 1975 1975 1975 1975
Depth (inches) 0—6 6—12 12—18 18—24 24—30 30—36

~l 1:5 6.4 7.2 7.6 7.8 8.0 8.1
Salts, nirlxs/an .7 1.5 1.6 .9 1.6 2.8
Nitrates (ppm) - 40 12 9 10 12 13
P (ppm) 43 37 45 31 41 27
K (ppm) 140 171 196 171 174 132
Zn (ppm) 3.9 .3 .2 .2 .2 .2
Fe (ppm) 36.4 12.4 9.4 5.2 4.3 4.1
Gypsum .9 .9 .9 .9 .9 .9
Cu (ppm) .78 .36 .4 .3 .3 .24
Lime Low tow tow tow tow tow
Organic Matter (% ) 2.2 1.2 .9 .4 .6 .4

Table 6f. Golf Course Irrigated Turf Areas as a Function of
Depth of Sample (Turf Behind Green 16)

Year 1975 1975 1975 1975 1975 1975

Depth (inches) 0—6 6—12 12—18 18—24 24—30 30—36

pH 1:5 7.1 7.5 7.6 7.8 7.7 7.8
Salts , nith,s/am 1.6 2.2 .8 .6 .5 1.2
Nitrates 50 25 14 15 16 13
P (ppn) 48 5 5 11 6 2
K (ppm) 201 91 66 53 56 54
Zn (ppm) 2.4 .4 .4 .2 .3 .2
Fe (ppm) 40.0+ 8.7 13 15.4 10.8 5.5 J)
Gypsum .9 .9 .9 .9 .9 .9
Cu (rpn) .95 .26 .21 .14 .22 .22
Line low Low Low tow low Low
Organic Matter (%) 2.0 .8 .7 .6 .6 .4 
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Table 7a. ~~resthd Area (Control)

Year 1975 1975 1975 1975 1975 1975
Depth (inches) 0—6 6—12 12—18 18—24 24—30 30—36
pH 1:5 6.9 6.9 6.5 6.4 6.6 7.3
Salts , nrr*x,s/an .2 .4 .1 .1 1.0 .2
Nitrates (ppm) 15 11 5 1 1 4
P ( p pm) 2 4 5 4 3 3
K (ppm) 46 25 20 23 21 17
Zn (ppm) .6 .1 .1 .1 .1 .1
Fe (ppm) 36 18.4 14.8 11.4 7 6.1
Gypsum .9 .9 .9 .9 .9 .9
Cu (ppm) .18 .13 .13 .16 .16 .13
Line tow tow tow low tow tow
Organic Matter (%) 1.6 .6 .5 .6 .4 .2

Table 7b. Forested Area (Fresh Water Irrigated)

Year 1976 1976 1976 1976 1976 1976
Depth (inches) 0—3 3—6 6—9 9—12 12—15 15—18

p1-I 1:5 6.6 6.6 7 7.1 7.2 7.2
Salts, nvlx s/am .5 .5 .7 .5 .5 .5
Nitrates (ppm) 20 13 7 6 6 8
P (ppm) 38 24 13 10 12 11
K (ppm) 215 105 73 35 55 50
Zn (ppm) 8.7 2.9 1.6 1.1 1.3 .8
Fe (ppm) 40.0+ 40.0-I- 18.6 16 14.1 10.3
Cu (ppm) .7 .61 .51 .42 .36 .33
Lime tow tow Low low tow
Organic Matter (%) 4.6 1.5 .8 .4 .4 .4
Ma (ppm) 9.7 4.3 2.8 1.8 1.9 1.2
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- 
I Irrigation Beservoir Sediment Analysis

In order to determine the natu re of previous iz~ 1us1cns of tie

irrigation water, sediment samples ware collected fran iu~—potab1e

reservoir 4. Non—potable reservoir 4 was selected because 1uk-çotable

reservoir 2 had an aeration system and was difficult to core. A 10 irxth

sediment core was thtained and divided into 2 inch incraments. Analysis

of the core was also &i-e by the USAP Occtçaticnal and ~ wiranienta1

Health Laboratory. ¶J~ ese data are giwn in Table 8.
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DISCtESIC*~ AND ~~ CLtEICt~S

Cbservations of pine trees on fresh water irrigated sites have

identified s~nptans similar to tbose observed on pine trees irrigated

with sewage effluent. These observations raised the question of

whether tree stress was caused by inclusions in the water or fran hig!1

water application rates which prodi~ ed unfavorable conditions for the

pine (i.e., high soil water ountent and low soil oxygen). Furthen~ore,

both fresh and sewage &fluent water irrig ated soils had nutrient and

metal ~~~centra tions well above tbose in ncn—irrigated forest sites

(see Table 7) .

The data in Tables 5, 6, and 7 dercns trat ed accu~u1ations of

nutrients (e.g. , p&ispborous and potassium) and of several micro

nutrients and, metals (e.g. 
-

, copper, zinc, iron, manganese, calcium ,

magnesium, sodium, and sulfates) . Note that zinc on Tee 17 increased

fr~zn 5.26 ppm in 1970 (Table 5a) to 26.7 ppm in 1976 (Table 6a) . Can—

parisons between non—irrigated areas (0.6 ppm zinc) in 1975 (Table 7a)

and the data fran Green 16 (35.5 ppm zinc) in 1976 CIable 6d) were even

more drametic . i~ liab1e quantitative records for s’xth n n a ~~~~ut

practices (as fertilization or pt~ysica1 modification) ware not available .

Therefore, at this tine it is not possible to determine whether observed

changes were due to effluent irrigation or to the eiployed nenag~ ent

• practices.

‘Ite water data (Table 3), calculated applicaticn rates (Table 4) ,  and

the sediment analysis (Table 8) all indicated large input of macro-

nutrients, micrukutrients, and metals. These data supported the

hypothesis that the buildup in soil oonc~~ tr atio ns of these inclusions
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since 1964 were due to irrigation with sewage effluents .

Incretent bore samples in both grass sites (Table 6) and in the -

forested sites (Table 7) damonstrated selective retention of n~~ro-

nutrients and trace metals within the soil profile. F~r example , zinc

in the irrigated forest area near Green 16, decreased fran 12.5 ppm in

the top 0-3 inch sample to 014 ppm in the 15-18 inch sample (Table 7c) .

In the irrigated turf areas the stratification was even more pronounced.

~br example, on Tee 17, zinc concentration decreased fran 26.7 ppm in

the top 0—3 inch i~crenent to 0.8 ppn in the 9—12 inch incresent

H (Tab le 6a) .

The literature (2) on Poa annua indicated that this shallow rooted

species preferred high phosphate, frequent watering and short mowing.
- 

- 
Therefore, the manag~~~it practices necessary to maintain an outstanding

~~1f course and the high nutrient content of the irrigation water may

have ccxrbined to cause the observed spread of Poe annua.

In conclusion, at the Eisenlx~~r Golf C~ ur se, land application of

sewage effluent resulted in the soil accumulation of numerous minerals.

The concentration of these m inerals was inversely related to soil depth.

It was not determined, however, whether the increased mineral content

was actually respons ible for the observed changes in vegetative growth

and developient. Further investigations of the ecological impact of

land application of sewage effluent is warr anted.
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