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Behavior of CJarotnjum in Soils: IV. ToJidty to MJcroorpnlsmtl 
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ABSTRACT 

ne {odeity 01 Cr to seilltadfliaj IIoIIdes _1twtIt1ed It, IllaAlri.. 
~ty 1)1 lIqllid mtIms .~~ C,(V1) II' Cr(lll). Tell 

.0 ..pm CI'(VU ..u foad illJUbitory 10 .0Il laolaCes powiq •/I , .. ,.
!IAJIIfI I iOiJ..(!~tr:Kt medium IIId I)r in I temlaywdM'dc lIIedIum. G..... 
.... o ...e bacteria weft IIIOft .tfet::!M lJwI VUI poIIi~l! ~ 1», 
c.:tVt) ':loeb .t tJriIle>r19 lAd .C \ "m. TolDdt;, due to CI'(III) _ ;aot 
tfIIIIIIt"ed ie ;imau levels. 

..db IOllm (TypIC ElltrodI~t) utd Hiaeslltarl liM salldy Ioaa 
~Oc Haplonllod) _"Ie "l!~ tmlted ,,",II 18 lad tOO ppm CI'(Vl} 
.... iOO p,m CI'IIII)•..\/1 tIIree trestmeulS ~aiJ1cslldy d~ued Co, 
...-Oon from .e fJ{ ~Datrok (01' :lie 3-wftk duntion 1)1 the ellllMri­
_I. uenctabie Cn Vn in these .iOils je(;mI.'!I4ed rapidly during tllis 
filii'. indlatina thl l"l'lIliction of the .ldded CI'(V1) was O«lIrrlq. 

'(')II !oJticity 01 low ievat of cl'(Vn to JI'Ul aep.IiYe lHIdena • 
...~ CIIitiln hI6:s_ IIuIa JOiI IIIIcnIIiId trust...doas. ,.11 • 
tilrifla0on, lilli' lie affected. TM tact lbal ltotll CI'(III) lad Cr('lU 
illllllllited microIIi:Ij K!i'ritJ ;. ..._ lIIIat 110ft cadoa .., lie 
...., in ill.... <:'l'•.eaaDillillrc 1W'Bies. 11i!'I" •• ., tile'" of 

Cr. 

4dditiotuJi Imk:t W:NdJ; .:ltrolllia.Vn. e!trolllli....IlI). soil bI:'... 
laS5. J. S .• R. E. Si~lJren. and R. 1. Bartl.ett. i?8L ~havi~f of 
;JII'Omlumn $Otis: IV. 1,))(JClty to mlcroorgamsms. ,. EnViron. ",uti. 
!o:~4~- ,48. 

iocreasing a5e of roil as a repository for human waste 
aroducts has brought lbout increased inter>:St ill the d­
.·ens on the soil of high-:oncentrations of potentiaily 
:OlU~ iubstrances. Chromium (Cr) often ~. found in 
waste ,ludges from tanning, metallurgic, and other 
Jlldu5tries. Chemical aspects of the reactions of Cr ..itb 
10iIs have been re!;>Orted by Bartlett and Kimble (l976c,. 
19'ifib) and Bardett and James (1979). 

Trivalent CI formerly was tbouJht to be the only 
able form of Cr in soils because of rapid reduction of 
tdded Cr(VI). Work with field-moist soils. however. 
!las }hown that some oxidation of added CrOll) takes 
place in aerobic, nonacid soils and Cr(VI) <:an be ex­
lI'1cted from roil samples at teast I year after the Cr(III) 
tddition (Banlett and James, 1979). 1berefore, the toxi­
:lties and mobilities of both species must be considered. 

It appears that Cr(lll) is less toxic r.baa CR(VI). Inor­
pnic Cr(IIij is not mobile in soils and is not readily 
:.Hen up by ceils, probably because of its low solubility 
and tendency to form larIe hydroxy polymers at neutral 
pH levels. On the odler hand, Cr(VI) is mobile in soils 
1nd it penetrates ceil membranes readily. Once inside 
,;ells. it is reduced; its toxicity probably results from 
oxidation of ceil components (National R~ch 
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Council. 197<4). After reduction to CrOll) inside the 
cell, it may intafere witb protein function. Mutations 
have been obsefYed in bacteria grown in the presence of 
Cr(vl), Indicating DNA :iu~ptibillty (petrIlli and De 
Flora, 1977). 

Henry and Smidl (1946) nudied the toxic effects of 
.lic!uomate-sutfunc acid cleaning :ni.:<ture on micro­
'')qanisms and :ound alat I ppm C,(iI:)~as to:ec to 
SlaphyJoctXt::'J13 (lU1'f!US in 'lynt.ltetic media. wllile 10 ppm 
~as needed for complete inhIbition in nutrient broth. 
RlJdoifs (1950) reviewed the literature cn :oxic metals in 
:;ewage treatment and recommended a 5-;1pm limit for 
Cr(Yl) in sewage. Barth et aL (1967), using a. model of 
an activated .dudge piant, found that a 10-?pm continu­
ous dose of Cr(Yl) in the inlluent reduced pJant ef­
ficiency by S-r., as measured by effluent chemical oxy­
gen demand (COD). Stater and Reisenauer' iound that 
both C:(yt) and Cr(IIl) reduced COl evolution when 
added to a moist Yolo soil. The depression caused by 
Cr(Vl) lessened with time. but not that caused by 
Cr(UI). 

Because of tile lad: of reporu deafi:n& with Cr toxicity 
to soil ::nicroorganisms, the present study was under­
taken to provide an initial indication of the effect of Cr 
on soil microbial actiyities.. The .oxic aaion ot' Cr in 
soils needs to be better understood to provide JUiddincs 
for the soil application of Cr-rontaininl wastes. 

M..-\TEIUALS AND MEl'HODS 

Represenc:ativ-: sou oacterJa "ere !soiated from Field-m.oist samptes 
of a Neilia loam (Typic Ewoc.l1rept), an EldridSC loamy fmc lIUld 
(Aquic UdortheDt). and 1eYeI'llJ other Vermom:.'IOiJs. The isolates were 
ide:ntified to p:IlfiI'a III:I:Cll'd.iDc to ~', J.ttImIIIt 1)/ D.~tiYc 
Bot:tttrioiot:J (.......... IDII GibtJoas. 1914),. A .. fllDtII 01 com-
IIlOIIly isoiIIIed .......... oilWDed. 

An aqUlOUa .soil atnICt _ ~ by autodaviaa 1 q of ... 
Nellis JOiI ia 1 liter at 9.0 for I lIaur. After ce:naifu&atioia, 0.3 I 
K,HPO. per IiIer ....Mded to die ~Won: ase. die atJW.'t 
was ailuted l.J3 x with diItiI1ed H.a. A amisyntlH:tic IDCdiwa aliso 
was \lsed and contained 0.3 a1tNO" a.5 • (NH.)'SO•• 0.2 .I MgHPO •• 
3H.O, 0.1, eaa.·ZH.O, 2.0. caqmloo.1Cids, 0WJl2.Q i jc,xtr()5C per 
!iter of H.O. TIlle pH of -=!l aulOdavcd GMdiwD <IIU oMijUllai to 6..S 
with sterile ICOR. l1Iia pH. sIiPdY bIIoow 111: O\ltimWll ror __ IlK· 
!eria. was .:ho.ten to iIlcna:Ie solubiJity of CI(UD above dlat in lJCII.fr.lI 
iolution. 

Botb ~aIi"""'"aaitwa_~. Bacteria III I'I1CID­

.:r:u:ed c:ultures ""=" JI'UWtl ia II- by l»-cam ~bk cWturc wbes 

....bi.cb bad been !C5eded for opticalllllifonuity at 660 IUD IISiDt • ,.,0:' 
tropl!.otollleter. lDoclIlum .... prepared in :bae same tubes by iI'QW­
illl !.be isolates in lhe medium to be used for the test. Aher .&8 boors 
incubation. the optial density (0.0.) was adjusted to O.Oj :::'y dilution 
with iterik medium. One-tenth milliiiter ,,( this inoculum .md 0.2 mJ 
of sterile 7,5. 7S, Of 7S0 ppm Cr(Vl) as [{,C:,O, Of 75, 750. (lr 7 • .500 
ppm Cr(III) as CzCI, were added to 14.7 II1l of media tbat bad 0ca1 
sterilized in the tubes. AD treatmerrtll ~ duplicated. After 2<t, 48. 
and 721lour:1 at 2S 'C. the tllbes were vortcUd &Ild O.D. det.:nnincd it 
660 JUD. This waveleuph was used to lD.iaimize effects ot the yellow 
oolor of the medium oa the turbidity radiDcs (DeMoa met Bard,. 
1~7). 

!n the aerated apcrimenls. 2Si).mJ Erlenmeyer t1asll3 ';ontaining 45 
m1 of cuJture solution and Cr in proportions siJro.ilar to ,he lcnaerated 
..:uitures were sball:eu oominuou.s.ly OIl room leIIlJICrat\lr1e t23-33 4 C). 

J. FAviroa. Qui., Vol. 10. 110. 1, 1911 145 

31384 

1111111 \111111111111111111111111111 JIlt 

http:oominuou.s.ly
http:lJCII.fr.lI
http:ltrolllia.Vn


11 0 0.1 1 to 

B4dlllu 'III- IGm' 
A.nilrobGcu,.. 10m') 
3tnrpwmyc,u ip. 'Gm1 
.""'MWbGcf4r1' 3p. 'Gm-1 
P,....oomoll4:ll lip. ,Gm-) 

'1.10.1 1.J6b 
UiO. L16b 
USa U5a 
'.Hla ').758 
LOa i).Jlb 

!)..24c 
~.!ll! 
'j,30b 
<103b 
<WI.: 

~ 'Ialnee ioilowed .JV ~he i!Ilme letter in ....d1 :ow ire lot SlPIiileIlllillIf 
:erent at ,.De lill{, :.!veJ. inonordtocowd OOlltrutlll. 

l' flble ,1-T 'lxicity 01 C-rIlD in soil ~%'tMIet medillDJ. .. _L..:.l,,," 

i)y opQc:ai deuities fJf&8 1l01U'!J ~Jture 

Bacteri..a 

~!p.iGm') 

~.'Gm" 
A~.fGm1 
PS~_1tIUI • IGm1 

Badllwr .. IGm') 
ArtAmbGcrer'l'p. [Gm" 
.'./otTJ:1.!llilll..[Gm-) 
.l>wu.tiomo1UJB. [Gm1 

Aerated 

U ....t Q.l6ll 
0.• IU. 
I).Q8IIb. O.WT.. 
'l.lla O.l6b 

~0IIII0I!n1:8d 

0.0811 0.08. 
O.ll8Il u.1Ob 
0.00. <l.ilIIa 
'1.0911 1J.U!!a 

7 'TaJuee foilowed. by dle _letter \n -.:h:ow U'It IlOl: 

:enm.' at the is'''' level. !ooDOr'i:.bocowd eont.1'ast.1lf. 

Cr(V1). The other two were somcwilat inhillillllf, 
10 ppm level. 

The ..:oncentration of Cl~VI) in 30iuticn 
hours ~Gm·. 0.78 and 9.2 'ppm; Gm.-, l.i5 and 
for the 1 and t 1 ppm Cr(VY) levels. rest>ectivdll',j 
aerated cuitures) indiC3led that Cl(VI) tolenHilm 
endy wu !lOt the result of it3 ~ to 
Cr(Un in the aerated cu.Ittm:s. <lkhoup leu 
found ia cuftures with I hiaba' finaj cdI conca. 

To determine 'Nhether 01 not the :]Oil enli"2d 
was involved in the interaction between the 
Cr(Vl), the aerated experiment was repeated 
semisynthetic medium. Growth rates were _-=-1 
than in the soil exuact. lad tbc apcriment 
after 1 day (Table 2). The toxicity of CrlVl) 
more pronounced in the synthetic medium than 
soil e:ttrad medium. and apia Om- bactaia 
seDsitive than Gm· bacteria.. 

Toxicity of Cr(IIl) was tested under both lII_2fiiltl: 

nonaerated conditions. Mean concentrations of 
Cr at the end of the experiment were 40.7, 4.6, and 
ppm for the 100, to, and 1 ppm levels. 
(Table 3). Large decreases in Cr corlcellUCl~QJ!iI 
occurred because of the low solubility of Cr(11l) 
6.5. Significantly lower growth rates wer:! found f 
of four isolates tested in the nonaerated study 
lOO-ppm level. Higher growth ra&es at tile tv-V!~ 
compared with the conuols. were found in 
study; perhaps CrOH) :ncreased graw~h by ';OU1~""''''''~' 
inhibitory compounds present in the soil 
Optical densities for a Stre17tomyces sp. were urt.·..."H 

---- optical deDllityt ---­

1 O.28a O.l9b a.07c 
;; O.OOa O.Jllb 'J.064 J.03e 

O.08a '1.1I8a O.il7a ').u3b 
0.23a O.:!"..a 'l,2Oa 

J :>.05a '1.05a 'J.Jlla ').04b 
. Vocamia !p. 

1 ',i9a '1,:'73. 'l.06b 
6 ·).~:)a J.21l> ll.lOc 

A'~erage ,}i ill 
Gm' bacter.a 11 0.06& 0.05b O.06a '1.J3c: 

(j ro ' bacteria 
r1efUiDmol'la3 JP. 2 0.12a \1.12.1 a.Olb 

'}.07a O.06a 'l.Q.\b <).0 c 
o.09a 0.0 b OJ) l) 

IJ8a il.:J9a ,H :, .J,J 0 
1 1}.ll7a O.o5b (tl) i! ,J.9 c 
1 o.OISa o.04a 0.08& o.Olb 
3 11.11. 0.0811 11.0 c 

A VIIrn8'! "t .w 
Gm' '18cteria­ f).na ~.J6b 0.D2c 1).0 c 

t 	VruWIIII :allowed by the ____ in a .ro"tJ .u. DOC agl!!ficuu;ly di:ffero!tm 
!It i;be 5ll{, ltMB ill<lDOl't.bogonai ~. 

Aliquot! ~ere lransfe:med to ':1lbes 3110 O.D.:1etcrmined at ~ md 48 
'lours. If the O.D. was .>'l . .AO. :he: sample 'NlIS diluted !Ox. At .18 
hours. samples 'Nere centrifugecI IDa Cr '.0 ;oiutlon also was -Ie­
,ermined: oXldized Cr was measured;olorimetnca.lly by :.he S-.lipilenyl 
;;arbazide method (Bartlett and James. 1979) and tOtal Cr by :.tomic 
Ibsorption. 

MicrobIal activity ;n ;he 3011 >ampJes was "valuated by measurin!l 
CO, evolution JSing :--IaOH 'raps. One-kilogram lamples (dr! 'Nt 

Jasisl of field-moist :-SeHilIloam and Hinesburg fine sandy loam (Enric 
Haolonhod) 'Nere I'laced in l·liter jan. The: pH !evels of these two 
IDI1s 'Nere 6.4 and :5.9, respectivdy. A OOttIe containint I.ON !'IaCR 
NIlS ;llaced on top of the soil ;0 each j.... TIUImenIll in tri'plkate 
;nduded ie,Cr,O, ilt !O and 100 p~ Cr. erO. at 100 ~ Cr. baed 
on the WdPl ;,( the 9OiI, and COfttrois without Cr. The rmal H,O con­
,ent of the treated iOils .nd. the CODtrOls was ~djusted to elI:aaIy 2$' 
for tbe Nellis and 2OtI't tor the Hinesburg (approximately Ul um 
moisture tension). The jan were: incubated in the dark u 2$"C and the 
air inside ....as freshened ::Iaily by removmg the caps for a few seconds. 
At 3- to 5·day intervals. the NaOH in each jar was titrated with HO 
y'ler tbe addition of BaClt and pbenoIpbtbalCin. Oxidized Cl in the 
treated .!OiI was det=nined col'orimetrically as described above, after 
extracting moist 2.:5 em l 'IlImples wi[h O.OlMKH,PO.·K,HPO•. 

REStJl, TS AND DISCUSSION 

Tolddty i. Culture 

Optical densities for 48-hour bacterial cultures in soil 
extract media containing Cr(VI) are given in Table L 
All gram negative (Gm-) bacteria tested were almost 
.;omp{etely inhibited by the high levei of Cr(VI). One 
ppm Cr(Vl) bad little or no effect on most gram positlve 
IGm') cacteria. whereas inhibition was comolete for 
'lOme Gm- bacteria at this Cr level. Growth in nona.erated 
cultures for four actinomycetes was in the form of 
macroscopic ,;clonies, making turbidity readings 
unreliable. Two 0f these isolates were slightly initibited 
by I ppm Cr(VI) and compietely inhibited by 10 ppm 

t46 J. Ea'¥iroll. Qo.... Vot 10. 00.2. 1981 
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!Jut no differences in aerated and nonaeraled cui.tures. 
..ere :lpparent. 

Bacteria included in this study apparently W<eft! m~ 
~re sensitive to CnV1) than Cr(IH) and Gm- bactena 
..cr~ somewhat more inbibited by Cr(Vt) than were Gm> 
oaaeria. 

C~E't'okrdoa 

Microbial activity of the controi soils was hlpter than 
that in all Cr-created Nellis and Hinesburg soils (Fi~_ 1 
UIId 2). ,W Cr-treated soils showed decreased resptra~ 
tioo as ev!denced by decreased COl evolved per day. 
ad differences between Cr-treated seils were smalI_ 

Figure 3 shows the decline in extractable Cr(V1). ap­
....ently by reduction to Cr(III). in the scm in wbicb it 
wu measurable. The presence of Cr(vn in the 100 ppm 
Cr(III)-treated soils after 3 days showed that some oxi­
danon of CrOll) had occurred in the Nellis soil, but ex­
nctable Cr(VI) had disappeared by·13 days. About 
dIree-fourths of the Cf(V1) added to the seils tRated 
_itb 100 ppm Cr(VI) was not extractable after J days. 

Since the bacterial culture studies did not show reo 
ked Cr to have much toJticity. the suppression of 
lIIcrobial activity by added Cr(lIn was not anticipated 
(F1I. 1 and 2). Slater and Reisenauer also found de­
aeased CO2 evolution in moist Yolo soil with added 
Cr\III). The fact that CO2 evolution did not increase as 
'he Cr(VI) disappeared also was unexpected. Four ex­
;lia.nations are possible: 

I) Cr(VI), even though present for only a short time. 
may have ;:lermanenti) damaged one portion of 
the soil population. 

2) "Tanning" of available substrate by Cr(llI) may 
have occurred; that is, Cr(TII) may have formed 
cross·linkages between organic compounds in :he 
,oil, rendering them unavailable to microbial at ­
tacK. 

•2:S 
\' 	 I 
\ 
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doy$ .:ritw adrclition 

~ J-..C1)_tntio. 01 wndUIe Cl(Vl) i. die twe solis studiH 
r_ co. rroo.tioII ..... !We tf_ Cr ~ 

3) 	An unstudied portion 01 the soil ~crobiaJ ~pu.la­
tion. e .•.• fuqi.. aay line been ~~ to 
Cr(lm. 	 . . 

4) 	Conditions of growth in soil may '?e. 30 dlf~er~t 
from those in pqre euIrure that tm:iCtty stlldics 1ft 
one medium cannol beappOc:d to tile other. .. 

There is no direct evideiice favoring anyone of the 
above conjectures. It is J'OSIC~ that. in some locales, 
em- ~acterial activity could bave been complc1ely .sup­
pr~. High sensitivity 01 some Om- bacteria to 
Cl(V1) was shown eat5cr itt thiS study. It ~ bard to 
i~11C that 100 ppm CI(lll) utanDed'" very mudl of 
the availahl.e substrate. but this effect CD.DOt 'be ruled 
out. 

The inhibition of Gm- bacter.a in aqueous culture by 
low levelS of Cr(Yl) indicates that soil miaobw pro­
cesses carried out by Om- bacteria would likely bt: af­
fected in :SOils treated wittI W'IStCS contaiDiDa small 
amounts of Cr. if the Cr ~ 0Jri<tized_ RadoIfs­
(l~ observed that oitrirJation in an activated sJudge 
process was inhibited by Cr al levels as low as 2.ppm. 
lnitiai inbibitiOfl may. howe'ia, be overcome If the 
microbial population is able to adjust to the..5~ess. 

Toxicty of Cr(VI) to most forms of ute ~ docu­
IDf:DII!d., whereas Cr(1l1) is 8Gt aeneraBY coosidcr~ .­
probian. Even thoup the reasons are not clear. It IS 
evident that both Cr(VI) and Cr(II1) additions may be 
toxic tQ soil. microorganistna. It should not be i\SSUlIl~. 
therefore that Cr(III) is hanafas. wben added to soil. 
More study is needed to determine the nature and extent 
of the toxicity of both species of Cr in field $Oils. 
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The Response of I Southern AppaiacnjaD F'i)~t to Waste Water Inig~tionl 

G. H. BiUSTER ,"-.ND R. C. SCHULTZ' 

ABSTRACT 

!lie operadoaal Iud treluaa' systea at CIIicoi State Pvfl .... 
adell. ee.pa .. ...,.. fer • ,erioII ., l ~ lit ..., ..". " II 

mat1.lre-\ j)ptladliao fQnst in renovlItiol mbllidpaj '!Jaste "'Iller. CI(t­

tK2 of 10_ of dill satriesa .. tIIIe ..... ,.... ..~ ill !.lie 

.....-u-. "' ».if' .............. ., IIIf - .,....... 


., tile JbIIHI __ ~~ tna ,... to .... ., pwdl 
1"e!qI08!W1It-1M intpdo_ I. MPt _ ........ in:Mt -.at (dbjU, 
.. iid JHW u.a-.ct .... iiIuMier pw.a ... !.lie ~. nr. 
lrI1pdeII .... I!lIIIIIIIiIII ............ iIIII::IaIeI ill ....... t..J ..... 
~l 01 1I11der.!tory tnes. A IJeWIed __ ...,. III j lI'IIIUeII .... '. 
COIIIl'lII ",ilite ;Mile ::r- (PfIuI.r aroiJfu L.} rr- :lie ...... o,*_ory 
'IIIowetl IIIat 1lHII' Jt_ 4Iulefer powtll QI ~ 1IpiI'II:udJ 

IS .. l'eSIltt <It tile ifrItadoa. TIUI_ ....~ to ...... ...... 
irrita~ ...Otdd lItIl • ;jeUdIeIt .. !Halt ................. t1IIIId 
.... __ !lie .,.. __.._._ :a.. 1'1111 ftipdoII ill ... 

CftlIIUC die ---. die .....,... dIJe ....... 01 _hil... {)I 

die jI"O'Ud~. 

Addlti__ (lid«:: Word.r: ... !ftS~ ....... sa. ....,.. 
PfIaa ItNIHa L. 

.Brister, G. H•• IDd I.. C. 3c:huiU. 1..1. The ~ of t SOIIl.bcn 
AppalllCbjan fORSt 10 W1IIStII 'MIlt« irriplioD. J. EDviroa. Qqai. 10: 
14-lj3. 

In 1973 the Unicoi State Park was selected by the En­
vironmental Protection Division of the State of Gceorgia 
and the School. of Forest Resources of the University of 
Georaia as the site for a Iud appticatioo denlcastratioG 
in the southern Appalac::hian hardwood-pine !oretts. 
The site was to become the operational waste water 
treatment system for the recreatiooal facility and iu 
associated conterencecenter. 

Because of the operational nature of the demonstra­
tion, only one site and one application rate were '.lSed. 
This demonstration provided an opportunity to investi­
gate the response of a mature forest to waste water and 
the role played by the forest in nutrient renovation. 
Renovation is the removaf of nutrients. organic matter, 
and pathogens from applied waste water by t.'le biotic 
and abiotic components of the !lite. Although destruc­
tive samplinc of the stand could not be permitted. in­

'Contn'bution from tile Sd100l of Forest Resources. Univ. of 
Geor3la. Athens, GA 30602. Recrived 6 O;:t. !980. 

! A.!sO<:late ?ro(es.sor, School O( Forest R.::sour•• Univ. of <:ieora;ia, 
and Associale Professor, Dep. of ForestrY. lawa State Univ.; reo­
sJ)«tively. 
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ferences on net vegetation nutrient storage are possible . 
under the assumption that the biomass of an individual i!?; 
piant is re.l.ated to measur= of its hei&bt and !tali~ 
diameter rTaras and Clark, 1975). Since thi!re l:i ilO 

reptic::.Ulon of irripted plots, the observed responses 
not provide a mcaswe of site ¥'lII'i'abffity, but do 
pidance in the southcn AppaIac:hUm region 
formation on site response to waste water . 
lC8rce or noncriste:at.. The purpose of this SIlId, . 
therefore. to determine ..b.etber the addition of 
water to this Appalachian forest would inaea3e 
growth and nutrient uptake of the vqetauOD and 
~ change in species distribution. 

1'be demorastnIDoa frdily isloc:ued QII I .aep frxaed t.Iopt 
" north ~ ia the U1lic:oi State hrt in the Blue '1:* \10UDt"~~:. 
lear Helen. <:ieorgia. Its eievation range:! 'rom 4<;0 :0 520 
ljO~ from' to 204 TlJe _jar soi.I on the l1te lS cla:5sii'ied by• 

CmUerv.iatiOil Service (USDA) • • !Wtrif::Itt det'ide:tt. well 
Hayesville 'IIUIdy foul, a IlIaD_ of the clayo!:J, .u:idic.. 
of Typic Haptudlsbs TIle .. pH ....... 1.1 1Dd <:at:iCIa 
~ I'3DfI fn:. Sto lot """l.~ 

The diJuee is ~ ",'drill SIII8IIIItno coaI1riDten.a-. rainfall oCt.- _ wid! • ___ ill ~ and 
mum ia faB. Claiy • f_ days ol ibo'ft tz'"C ar bdow O"C 
tures are recorded c:aca Jar. aDd die __ aoaua.I ta:Dtper"~ 
lS'c' 

v qetation on the ttudy area consisU of a pine.hardwOl:.ld 
.ttb. predominant O'IICISlory Ipecia Ifl oMs (~ ... L•• 
d1ter MueadUl•• Q./'" hIidJL. g. AIGII_ WiDd.. 
Q •...WanceM.). wbite pille (}IhIr.S'In'1iIaf t., and 
(l"imo "iltbtitlM Mill.). The 1_ dopes contain a 
dense !.II1denrory colWstina almost .emirdy of mou.maia 
<X__ ltIrJfo/JtI L.), aDd the proic.un • .., IJI!Idcntcty JPCCia. 
upper 1Ic,.,a are bIucOerry (Y«dIIlImI w.JdIAms), 
(~ sw.}. doswood (Cor.a' jltriJtl L). aDd 
(ACI!r rvbrvm q. There is • disainc vertical stratif'scatioo 
woody~.TlJe lower ntatum rarely readies 6 m in lIelaDt 
the upper >tOt')' is consistently taller man tllis. The stand !las 
average age of 4$ years. 

The wute water from Unicoi State Pvk ~yes the equivakat 
secondary treatment in UI oxidation !q00ll. The <Nute water is 
nated as it is pumped from r.he lasoon to me 'rogation slue. Ther~ 
IlO ileaV)' metals pn:sent iD t.bi! waste 1I'lIter. 

The O.8-ba study site is di'rided into r.o areu ~Jtimatdy 
lema met. !S lD wide. The treIIment area is irrigated 1<Jay e:aca 
Htrougnom the year at the rate of 8 mmillour for I toul ci i6 
mm/day using impact sprinklers on 1.2-m risers. The spray head "., 
pr=sure was <3.2 ka/em'. The maD mont!tl:y quantities of tlUU· .~ 
added to the site are presented in Table I. Initially. weekly ym~ -',,. 
'AIlS done, but this was :hanaed in 19'76 to a monthly basis. The :abiIt",: 
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