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TECHNICAL REPORTS 

Heavy Metal Interaction for AndTopogon scoparius and Rudbeckia hirta Growu on SoU 
from Urban and RunJ Sites with HeaY'}' Metals Additiou1 

L.J. \1ILES AND G. R. PARKER' 

ABSTRACT 

UCde bluestem i.Androporon ~~:oplii'Ual ud biadl..eyed Suaa 
·~ill iriruli lt'eft lfOWII t. two~ wiD~ CO!Ililiado!M of 
CL La. ?'b. ,;md Cn 111 two '"HI eacll for 12 "efta· Germi1111tion and 
..edlllrMDI wen -.:»mpletely l'l!taJ"d«od by tbe Jddltion of 2~000 ~lVI 
Za • laCl,, wbidl wu due to 1 Jalt effect •. '111!3ther C4 - Ca addi
... :alfa:teil 1erminadoa. A !lfitllt decftae ;. pmtinatioe ':filS noted 
.. 1'\ lddidoaa of 900 14"1 wllicll _, dlo be ~ lJiD 1 salt 
did. C.aG.nium at 10. llld »-qls additioa rua 4ld 1101 ailed top 
• _. dry weipt. Lad ud Ca addidou -redtlad sllooe ud 1'1001 41)' 
.._. yields of AndT9porora ~~:OfNirllu. root •oriwhl Mill BIOft 

...erety :alfecte.i !Ita• JiiOCJt •epca. Metal additioas to tile arltaa .site 
• 61 aol ~ua Pefds 10 tile enent they did oa tile nr.U .site soil. 
~n-. yields on tk urban site ~il <:ontrol trntment wen lower 
-..~ to diose for tlw l'1lrU .site coatrol trftUDeJ~t. 

OTP A estrac1i .. ieYell of lla91 -sa •~~n 1101 -.• ~trd to 
,.... toBCf!DtndOIIIS for compariso• l»ftwHII tile twe soils. It was 
~ tbat DTP." ~o estnctloa 111ay not be xrrvtabW for metal 
t.U.bilicy eomparisoas amo111 10ils of differiac JJH. 

Ornmsta11tbd ~ ,.... ,.,._, f• l»odt sy~ ud 
~lk dfed! tao~~~ tile lin.., IHUk. 1'kw •ere of 1 low lnel 
_, .. tonsiste~~l ~- c...W - determial!1i oYer 5~ ~ JOils. 

~dditiofUli lndu W;Jnb: odmlum, lead. copper. ziac. 

In a previous experiment with Cd (Miles, 1978) the 
gr::wth of several species grown in the greenhouse was 
Runted on a heavy metal-<ontamina~ed urban site soil. 
This was especially true for little bfuestem (Andropogon 
Jn)parius) which was shown to have uowth tolerance to 
Cd additions in an un~omaminated ;Jral -;ire soil. Total 
:nctal .:cncenrrations found in rhe urban site sotl were 
D. 442.5, 78.5, and 16.9 _ug/g for Cd, Zn, Pb, and Cu, 

respa--riveJy. These are not unusually high values and 
perhaps .:ould not individually account for the large re
duction in plant dry weight noted for the urban ~ite soil 
as compar'!d to the rural site soil containing 0.3. 99 0. 
12.6, and 5.6 i'g/ g for Cd, Zn, Pb, and Cu, ~espec::ve!y . 
This, however, needed to be empirically tested. 

Several recent papers have investigated the ;mssible 
interaction effects of heavy metals on each other. Dijk
shoorn et a.l. (19'i5) found some evidence of a Zn by Cd 
interaction effect on growth. Carlson and Bazzaz (1977) 
found a positive Cd by Pb interaction (synergistic ef
fect) on growth parameters for American sycamore 
(Platanus occidenta/is). Hassett et al. (1976) also found 
a synergistic effect for Cd and Pb on maize r•)vt !!onga
tioo and root dry o,veight. Miller et aL (1977) have also 
studied interactions of Pb and Cd and found significant 
interactions. 

Other researchers have found interactions among 
metals whkh affect their availability or 'lpta.ic:e 
(Findenegg and Broda, 1965; Lindsay, 197'2; Brar and 
Sekhon, 1976; Chaudhry et al., 1973; Bingham et al •• 
1976; Haghiri. 1974). 

Hassett et aL (1976) explained the synergistic Pb :,y 
Cd response they found as partially due to the elenred 
a~cumulation of metals in combination tr-eatments. 
Such elevated metal accumulations may imply root 
damage (Turner, 1973). Competition between ::net;ils 
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for physioiogially active sites have been speculated to 
be a possible factor in antagol,listic metal interactions 
(Miller et al., 1977). 

The research reported here was conducted to deter
mine interaction effects of Cd, Zn, Pb, and Cu on plant 
growth. 

METHODS 

A ,·actorial e:\perimcnt ·.vas ;ct up in the ueenhouse atiii.<:ing cwo 
;pec:es. itt!e ':llue~tem iA,,droptJgon >copariust ma bJad-<!yed Susan 
Ru.t1bt!ck:a iurra), and two soils 'lllth l.ll ·~ombmauons Jf C.1. la, ?b, 

ana ("a .u ~"'o 'eveis ~ell. :hiS resuuea :n 1 ~· :·ac:oraJ e:'tpe:J.ment 
:'or !:I.Ch >OJ!. five 'Jiocxs trepiicatc :xoer:.mentsJ ·.,ere ;et 1p Jsing 
?'.amiie!d ;and •:Mes1c T.101C Cdipsammcntsl .;::llecred frr:m .1 :-1ral 
me 111th hea'\l'f :netaJ JOdiuon ievels of Cd at J md 20 ,.g~ ·~. Zn at 0 
a.na ~.000 _.g..~. P'.:l lt J 1nd 900 ~g./ g, 1nd C1 .u •J aml :oc •g.· ~- Two 
blocks ..,eroc iet 'lP .Jsing Oakville sana <~vpic LJdipsammentsl col
:e-,"ted t"rom an Jroan site wuh heavy metal idCiticn levels ·Ji C d at 0 
m 10 1'&/g, Zn :lt u ·md l.OOO ,.g.. g, P'.:l at 0 ~no 450 _.g/g, 1nd Ca at 0 
ana !00 ,.g/g. Cne ;>ot for :acn of t.he spe-~:es and each oi the :netals 
·ciJdividuaily at 1n imer.nediate addition le'lf!l IC.:i at 10 1'&- <J, Zn at 
Z.:JOO ,.g.lg, Pb 1t 450 ,-gig, and Cu at 100 ;<gJ 3) was also 5et 'lP Mthin 
:.he ~lrst thr~!! ;~Jr3J ->ire ·joii ::locks to prov:c.ic :nor·.! inr'·Jr:nar:cn 0n ~he 
;hape of the res-ponse ~·e for each metaL \<ion: Jeta!led descripuoriS 
of the two ;oils were gJVcn in an ;earlict paper (Parier ~ill., 1978). 

In ·a previous a:pcriment (1'\.liles and Parker, ;979} little oluestem 
was found t0"1JC. the ;nost tolennl tO >oil-a<lOed C.:1 vf >even 3pedes 
:ested ma ;,iac:..--:yed Susan was the <east tcterant. ·:.H:r<:fcre, chese 
:wo ;pecies Nere '.!Sed ln chis ~'q)Crimcm :o 'Cpre~ent :he range of 
1eavy metal •esponses for species aative <o ·.he urban :;Jte sou. 

Vi~al ·~oncemrauons ~ven ~·or the :"'o soils \n che :mroducrion 
·enresem :he nean ·~cncentration <Jf che ~- tlor!zon !top !« =l· The 
:up :.3 ;:n llf :he uoan ;ite >oil were -;everaJ :imes jreater than the 
mean vf :.he A honzon ;Parker ·.:til .. ;978t Sin'-'1! we were .utempting 
:o ;tmuJ.ate lle ;xnenuai effectS .Jf the JrDan me sml Jn ;Jtam species, 
.ma >ince !he too 1.5 ,-:n of soil is Jeiieved cntical for ::stabtishmcnt 
md :!fOWth ·Jf ;>lant.s. heavy me-.al addition levels 11cre ·~hosen to ap
;>roximate :he 1verage :;cnc::ntrations :intenne-jiate 'lddition Jnd) 
mu :hc maximum ;oncemrations (high 1ddiuon .eve!) {ound for '.hese 
netals m che cOO ~.5 em of >oil on che Jrban site. • 

except (or C u Nluch was added as ;uJpbau:, 'lil :he metals were 
.idOed as .;:uorides. To ~scss :.he potential eif.:-.'15 .Jf '-'lc high 'Mlit con
~nuarions oi chc :ncta.l ulditioM, 3C'Ierai :>ats with C.aCJ, addiuons, 
of comparabie a- .:oncc:n.ratioll5 to tha5e encountered in the heavy 
metal ~aainons, were PlD concarrently with !he .::tpenment. 

While ;~a:n apcricn'--e indic:ited that biocxing over gr=boCJSe 
bench position did 30l conU:bute to a reduction in ex~rimentai error, 
Jris expcrunenr lii1IS begun in winter ;15in& supplemental ar.ifidal 
lightiD¥ t.o .;reate a !6-hour photoperiod. Blocking was therefore 
utilized :o :emove variai:nlity due :a •ar1ation in light intensity :c;soci
ated with g.ree:Jllousc: 'lcnch position. 

.... precipitate lormcd 'llhen !he four mctalli were mixed in the soln
tion and was particularly bavy f« the Zn and Pb stock solutions. 
This r~a"l:SSitated aad.ition of each metal be made separaldy :o the 
soils 10 sequence. A 1-week incubauon i)Criod was allo"erl w -'otluw 
the addition of one IDC'..ai before another ·:~~as added so that any ilSSOCi
ated soil n:actioru would have time to equilibrate. After the final 
metal additions were made the soil ·was l.llowed to comple-tely dry ·out.. 
The soil was then removed from each pot, m~y mW:-J. 1!ld 
reponed. After :nixing and reporting m ll.4-on standard plastic pots. 
:he soil was again saturated using deionized 11ater and allowe<i to 
incubate and paniaily dry before planting. Each pot containing j(JO i 
of soli was Jiaced in a 13.3-.:m' plastic tray whtch was '-!sed to subtrri
gate, thereby :nirumizing wastout of seedlings md leaching loss of 
metals. 

After sceltilll each pot wtth ~seeds, the nwnoer of gernunauo115 
were recorded ;:very 2 to 3 days. When &e:rnunation appeared :u 0e 
~omplete :.he "!) day" was ,;alc-.llated. This ·.vas :alLen to be the day 
midway be•.,een :he jay the: initial Jermination was recorded and the 
:!ay r.ne :inai ger.mnauon ..,as recorded. Thts ol\las done separately :·or 
-:ach ;><>t mil wa:s •.!Sed w ;epresent the bcgmning of ''egetadve &rowth 
for ~ch oot. ~ach pot was thinned to a maximum of five plants per 
pot : ·Neck alter vege:auve growth sianed. T NO to ) days later :he pot 
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wm thinned to a maximum of :.hn= ;Mana pe pa ad 
labded to ctilti!rp:ish it from the Olben iD thu peL i!qjqjila~f.~ 
afta arowtb illitiatioo and ~Y tberQher. Wlli1 the 
terminated. tbe number of individuals per pot wm 
weeb the piaou were separated into tops and roots, 
ized wate!, dried at 80°C, and weighed to tbe n~ 0.001 

Soils were analyzed for available heavy metals 
tioD (W. L lindsay and W. A. l'lorveil. 1969. !Je,teicl•eil~~ 
DTPA !IIicronutricnt 10il test. Ajron. Abstr. J). 54) 
tractant to ;oil ratio and a 2- hour :dlilinc time. Plant 
sam~les were also analyzed for heavy metals ·lSffill :utric 
·ion. ~eterminations .vere made ·Jsing 1 V'lr.an ~-'.6 uomic 
a on ~pectropnotometer. A hydrogen lamp 'laclq~rouna .;u~~. ·:-:.;f.;,. 
:1~ for CJ. Z:~, ma ?b. ExtraCJion. ·iigesuon, md :neal ·. ~:'' j 
•Jns ·Yere :>locitea ·Jn :epiicates tO order to :P.Uuce 'he ~ tt='''~·' · 
;amptes handled at .Jne arne. . _ ~<1~:·. :~ 

RESl.LTS AND DISCt:SSJON 

C:~rminaiion f·Jr both specie~ :n 'Jot~ . soih _ ~:~--~; j 
r.egngJble at 2,0C:O and 4,{))} ~ASI g Zn addition ~~t~-1 
The few 5eeds which did ~erminate diea beiore ,..,,.,._"'>i~ 
ment. Similar germination occurred for the 
tion pots. Thus the lack of germination foe 
ment is conc!uded to be a salt effecr resulting 
being :1ddet1 as ZnCl1. 

W1th the pcssibie exception of Pb there was 
sistendy discerr1abie effect of Ci, Pb. and 
~er:nination. Since ZnCl1 :u 1.000 "gig Zn co~* 
:-etarded ger:nination due to a possibie 53lt 
~ermination ~ifect noted for ':JOO i!g/ g PlJ as 
may be a >alt effecr . 

Seedling survival was essentia.lly cc~lctc 
treatment combinations except Zn a1 1,lXXl 
ag.t g on the urban site sod. This ls consistent 
\ack of :nonality noted in a prev~cus ::xper~~ ftt 
soil (l\'liles, 1978). Mortality did occur ~·or ooct&c 
en the rural site soil which can be acco1.mted f·OF 
by treatment differences bet'Neen L~e 
Intermediate le'!el.s for the singje dement 
additions (i.e., Cd. 10; Pb. 4:50; Cu, 100 
rural site soil are comparable to the le"Jds 
the urban >ite soil. Little bluestem oo 11e :unl 
at these intermediate levels, !ike the urban 5ite soil 
ments, showed no mortality d7ec. 3tack-eyed ..JU.3oill~·-c •• ~. 
however, did show mortality effec.s at the ,·F •*---....,. 
le'!els on Llte rural site soil. Thus. while part 
differences for survival can be accounted for by 
ences in ml!tai leveis between the t'NO soils. there is 
other soil factor, such as CEC or pH or 
antagonism. which is countera(;".ing the 
effects of heavy metals on survival f•,Jt the 
soil. Characteristics of the two sells are given in 

Black-eyed Susan mortality on the rurai ~ite 
t Olai with 900 ;tg.. g Pb or 200 ·"g/ g C 'J .,,-t.+irillA.· 

\.lortality occurred w\thin 3 weeks, indicating :hat ~; 
effect for black-eyed Susan is on seedling estabiis~~ 
Cadmium c:o ,:Lg/g) did u0t affect survival of b;ack~:,,!d 
Susan. · 
~o mortality of little bluestem occurred 'vith Cd 

!.Lg/ g in the rural site soil. Addition oi ?'J 1SOO :&g/!) 
Cu (200 ,ug/ g) did decrease suP~'':li, ·-::,11! 1('£ 

Copper had a greater effect on sun\vai 'ililll :fui 
Char.ges in survival over time were due ;ciei~ cO Cll-



-- Rural !lite Urban site 

51il~y !Oil !Oil ,.t 

=----- 0.33 2.32 3 ra&Ai ,oil Cd. wm 
4.80 7.82 4 

,a ._,ba S6.8 24.4 4 
r. ba 88.0 18.3 4 
S,.JW 
~ .;}{,.,. NC. ppm lli.21 25.88 • 
,~c matter. ~ 1.93 2.<18 i 

~c. a.eQ . 6.28 12.22 
:Ia"" ~curatlOO. "b ~4.28 n.~6 

• ~o. ~i .ampies. 

JLR..\L SITE SOIL-PU."H WUGHT UFH.lS 

C:~dmium additions to the rural site ~oil had no sig
nifi,ant effect on biack-eyed Susan top, root, or total 
drv weight (g per plant), or on root/shoot ratio, with 
.w~rall averages of 0.~, 0.25, 0.65. and 0.63, respec
tively. for Lhe 12-wee.k growth period. A Pb addition of 
.450 ppm (the only Pb or Cu treatment surviving) did 

1;:opear to reduce dry weight ~eld data by on~-half to 
two-thirds. but 5mce thts resuit IS oased on only one sur
viving Pb treatment pot it can serve as no more than an 
indication of a potential effect. 

Little biuestem on the rural site ~oil showed a sig
mficant Pb effect for ail four wetght variables analyzed 
!rut a significant Cd effect {a = 0.05) only for top and 
;otal dr; weight. Cadmium by Pb interaction (possible 
!llteractions with Cu being uninterpretable due to empty 
.;eils) was not significant for any plant weight variable. 
Effects of Cd and Pb thus appear to be additive for little 
jluestem on the rural site soil. 

Linear regression equations were obtained (Table 2) 
for additions of each individual metal to the rural site 
)()ii for little bluesrem. From an absciute standpoint 
·TJbie 2. :.51r1o reduction concentration column) Cd is 
:nore effective in rl!ducing )'leid than is a compaTable Cu 
.:oncentrarion. L~ad is much less toxic than either Cd or 
Cu. Relative to the .lctual addition levels utilized in this 
opcrirnent, however. Cu is more toxic than Pb, which · 
is more toxic than Cd. Both Pb and Cu affect root 
w~ght more than top weight. Cadmium has no signifi
cant effect on the root/shoot ratio, however. 

l:RJIA.'i SITl: SOIL-PLA.'IT WEIGHT EJTECfS 

Analysis of the urban site soil data would appear to 
offer a better test of metal interactions since there is no 
:nissing data, and thus all metal interactions can be 

)~«a! Weipt variable. & " Intercept 

Cd Shoot 13 0.7279• 
!toot 13 0.9!63 
Total 13 1.6442 
Rootishoot ratio 13 

?'.I Shoot 13 0.8267 
Root 13 0.9455 
Total 13 1.7722 
Root/ sboot ratio 13 1.2201 

Shoot 9 0.7044 
Root 9 0.3451 
Tor.ai 9 U496 
.llootJshoot ratio 9 1..:!060 

' \Jl regression are .. ~cant at the" : 0.05 ievel. «xcept SS. 

analyzed. This is not the~ hOwever. d~ to low repli
cation and sianificant bloct effecu .. This is particularly 
true for black-eyed Susan because only for top dry 
weight are the block by metals interactions poolable to 
allow an estimate of experimental error with 4 degrees 
of .freedom, which in itself is not adequate. Wbilc top 
we1ght ANOV A results do !how some sianificant (a = 
0.05 !eve! only) interactions, Student-Newman-Keuls 
tests on these interaction effects do not ~how any sig
nificance. lt is therefore concluded from the results of 
~his .~xperiment ~hat black-eyed Susan weight results are 
not s;gnificamly 1ffected by metal additions to the 
ilrban >ite soil. Overall averages can be -:a.iculated for 
black --eved Susan en the urban site soil of 0.54, 0.32, 
0.86, and :) . .59 for top, root, total dry weight per plam 
(g), and che root/ sheet ratio, respec~ively. 

Little biuestem on urban site soil showed no effect en 
root/ shoot ratio from any added metal treatments 
, overall average, 0.51 ). The other variabies (top, root, 
and total dry weight) all show signifkant Cd-Pb-Cu 
interactions lTable 3). Overall, Cu appear"l to have a 
negative effect on dry weight. which is not ini1uenced by 
Cd and/ or Pb. Cadmium aacl Pb both negati'<ldy in.t1u
ence growth sin&Jy but whal aabined ha'Ye ua 
antagonistic effect. For the urban site iOil, effects of the 
three metals are not additive but antagonistic (Cd and 
Pb) or neutral (Cd and Pb with Cu). 

Cu had the greatest negative effect on dry weight yieid 
for tittle bluestem on the urban site soil. A comparable 
!cvei of Cu in the rural site soil resuited in a dry weight 
yield (Table 3) similar to the urban site soil. These re
sults warrant a closer look ar Cu as a possibk causative 
agent for the stunting effect noted for little bluestem in 
the urban site soil compared w the rural site soil for 
·:~ntrol treat.'IJlents (Table 3) and in a previous <:~:peri
ment {Miles, 1978). 

MET.<\L A V AILAJIILITY 

DTPA extraction shows a linear increase in metal 
availability with \ncreasin1 additions of C~ Pb, and Cu 
to the rural site soil (Table 4). It was assumed that 
species had no effect on metal availability. so extracted 
metals (Tables 4 and 5) represent averages o"er species 
and analysis blocks. 

Zinc additions decreased the availability of Pb md 
Cu for both soils and sJi&hdy increased Cd availability. 
Since there was no germination and growth on the Zn 
treatments, there are no plant analyses to ndicate 

'15 .. ~ 
Slope R' <:ODCI!DUill:ioD.. ~~ 

-0.0066 0.238 !.7.57 
-•1.0123 0.262 :d. 52 
-0.0189 0.303 21."75 

NS 
-0.0004 0.299 ~16.69 

- O.JI.'08 0.74J ~95.·17 

-0.0013 0.63e :}40 •• 11 
-0.0009 0.660 3:111.:)2 

-0.0044 0 . .185 -10.02 
-0.0056 0.756 17.~3 

- ().0100 0.612 31i. !4 
-0.0084 0.992 47.11 
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TabJe 3-A~ ud (aiaDdard B'J'tllnl fer A.ndropogon 1co~ ahooL root. aad toia.l dry weigjn !• .n ~• 
OD tie ubaD site eoil md at eompenble metal le'YeJ. 011 the runJ site aoil. 

Tre.'- ShocK 

Soil Cd Pb Cu y 

~· UrbiUit .).J7'1 3 .. 

10 ~.2H b 
-150 1.:.!04 !> 

10 ~50 :1.324 ~ 
!:}() ). ~46 b 

!0 !00 J.l:lO tl 
-150 lOO :).!55 b 

•o l50 :no Lsoo 
RunU:t 1). 7->1 

lO 1).6!'3 
450 0.3:.!6 

:no o.:~a 

* ';!esns 'oilowed i:ly :he 3ame ;etter .jo :>ot ;tiffer •ignificantly at the > = il.Jii levP..l 
t" = 2. 
! "= 3. 

Root 

Sy y Sy 

g 

10.0181 O.Z49a •0.0921 
IO.lOll 1).132 b O.a531 
'0.0621 ·).J95 b O.Jl81 
·O.J!i81 1).135 b 0.0321 
.o.J981 J.055 I) O.J251 
·0.()70) ·).()70 b 0.()441 
:0.()621 0.071 ·o O.J2tll 
:O.J54I •).076 tl 0.0391 

10.0561 •).9()2 o.l <nl 
10.0721 ·1.341 ·0.1:81 
:0.:21} ).708 O.l48) 
O.J561 •UJ91 •O.J431 

•J.62t!. 
1) . .3-46 c 
:l-'99c 
·H59b 
·L.!Ol d 
J.:.!Ol d 
0.22ti d 
1U37d 

U144 
'. •57 
;.ci34 
J.2:J3 

't."·'·.t-

wi-)ether this !s a real eff'!Ct on availability or r.1er'!!y a 
Zn effect 0·per:uing on the exuactam. 

\
1 n '·f Ph D T'- . c· . · ·· \r ·- .. ,,~;:i a .• ey .. v ontana. . . aes1s, n1v. ·.), .• QG,ar.:a, ~::.,. . 

A comoar.son of pH (Tables 4 and 5) reveals that 
rhere is about a three-unit difference between the two 
-;cils 1nd that for beth soils metal additions depress pH 
s1ig.ht1y. Cumparabie metal additions to each sell {10 
;.tg/ g C J, ~.50 .ttg/ g Pb, or !1]0 Jl.g/ g Cu) resuit in com
parable Jvailabilities for CJ, Pb, and Cu. This \s in spite 
oi the ~rear difference between the two 5cils w!th resnect 
:o pH~ which has been reported ro affect availability 
(Lagepverff. 1971; Fulkerson and GoeHer, 1971; 
Unnman et al., 1973; Miller et al., ~9..,5a, 191'51), 1976; 
DuP~essis and Burger. !971; John, 1976; Street et aL, 
!977; Lndsay, !972; Hemphill, !972; Singh, 1974; F. F. 
\-funshower. !972. Cadmium companmemarion and 
~yciing ;n a ,grassland ~cosy~rem in lh«; Deer lodg~ 

published.). 
Similar metal availability for t.lte two soils 

to buffering capacity of the arractant miJruD:Jtz:ial 
ability differ~nces her-ween :he 1.'JiC 3oils due to 
attribute of the DTP A e:ura~.ion procedure -·---s.""""' 
to reduce its uulity >'or ';omparisons of 
among ·;oiis cf differing ieaction. For such co~IJ&lriil 
m extractant wh1ch could rei1ect avaiiability .tUFU.~ 
ctue to the namraJ acidity of the 50il would 
\Symeorudes and \1c.Rae, !977). 

'lCET.U.S IN Pl.A;VTS 

The true test of metal avaiiabiliry, howl!'l-:r, 
piant (Hemphlll, i972~ Fcresc:Je and \{ar.e:n. 
?lanr. analysis !.Tables 6 and 7) mdicates :bat 

Table 4-DTP A utncuhle metals md ;»H for a r<&nl 8ite soil, av~ee aDd ltnaadard ~-

~etall! adaea 

Cd ?'> Cu pHt II 

"117& 
... go 6 ).10 :us J.~ 

'0.011 il.S41 '0.27) 
20 <.1!5 6 10.53 11.18 .1.&5 

·0.701 {1.151 iO..JU 
900 -'.40 5 il.13 ll.l8 ,20.40 

'0.01) 12.Sll •2'1 .• !11 
20 900 ~.45 5 lJ.24 1:!.70 j4UO 

10.551 12.54) ·28.J.'jj 
'ZOO uo 4 0.08 ~.32 !.32 

(0.01) 11.471 .0.2!) 
2 'ZOO >.60 10.90 9.80 J . .0 

'0.521 11.981 !0.1·•1 
::100 200 t.JO 4 i).l4 12..85 506.50 

~0.011 ;0.87) :25.3ii 
20 900 200 4.40 4 . ~ ' ., 

l.L • ..l...,. 'l58 ~80.00 
;0.7')1 i~.;}5l i27.341 

10 6 5.30 10.1)2 3.78 
i0.271 11.341 (0.15l 

450 1).!0 9.JO 241..50 
10.02) 11..381 il3.191 

100 5 1).119 8.06 3.18 
10.021 (1.511 iO.Jll 

2.000 J :).09 ':69.33 -0.15 
•0.031 177. 71! IO.:JtH 

4.JOO 4.35 3 J.ll :.J873.'J -·1.;3 
10.J6I !107.921 •0.081 

• 11 = 2 tor ~I ;>H :nessuremenr.s. \lo 3y ~JVen due to no var..ability in lOme cells. 
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T.W. 5-D'J'PA ~ ~ ll.lld pH for u vbu lite .0: • ._,...ad fl• ' .:-....,..c..:i,.,_, -- Metal addlld 

Zn Cd Pb Cu pHt 

~· 7.36 

10 7.75 

..00 7.65 

iO -460 7.70 

:oo 7.&1 

10 !00 7.70 

450 :oo 7.70 

iO 450 lOO 7.65 

~.000 6.90; 

• • = 2 for all pH ,_surements. No S'Y given due to DO ~ariability ill some cella. 
; 1 ::: l. 

able metal additions to the two soils, even though pro
ducing com~ble DTP A extracted metals, did not 
produce comparable plant metal concentrations 
!)etween the two soils. Plant metal concentrations were 
much lower on the urban site soil with comparable 
metal additions. This could well be a function of soil pH 
on metai availability to the plant. The Cd2

• and ZnJ• ac
tivity in soil can decrease tOO-fold for each unit increase 
in pH (Lindsay, 1972; Street et al., 1977). The ability of 

....... ..m ...... 

ll Cd • -~ Cu .... 
4 0.78 SUI 12.n 4.6-4 

10.031 il.W ... f0.18) 
4 5.15 70.00 13..10 4.62 

!0.321 18.l4) !0.12) 10.061 
·).1!8 ~.50 1'17.48 4.24 

:0.021 13.781 15.621 !.0.121 
~ ll.J2 72.50 186.98 U7 

:O.·HI m.s21 (7.07) 10.l81 
4 0.78 62.75 12.J6 47.25 

10.031 11.~1 (0.1$ 11.::61 
4 5.40 59.25 12 • .1-4 48.l0 

'0.291 •3.301 10.67) 1!.~6) 

4 :).94 65.~5 188.50 -4':'.55 
10.021 13.J5l (2.091 •1.731 

5 li.l4 70.00 196.12 41UO 
10.331 13.001 111.591 :1.871 

4 !.04 '>80.00 1.23 l.52 
10.041 16.581 10.171 '0.071 

a soil to sorb heavy metals is a major influence on plant 
accumulation of heavy metals and is predominately a 
function of CEC and pH (Miller et al., 197Sa, 1975b, 
1976; John et al., 1972). Tbe added mda1s were more 
available than the native 30iJ metals. The effects that 
can be associated witb <Judt metal additions therefore 
probably represent an overestimate of the effects that 
could be obtained with a comparable total innate con
centration of that metaL This points out that care must 

Tab.le &-Shoot ud root average me(a) COIIO'!Sltratioaa aBd (.u.dud «ran) f• two ampiea, _.~A~~ 
a~~d R:Adbec.w !Un.u ..... llriMm .tiu .IOil. 

Metals added Andropogon 
?'.ant 
~ Cd Pb Cu Cd Zn Pb Cu Cd Zll Pb Gu 

;JffJ 

~ 0.86 10115 9.48 6.12 7.10 112.80 10.,. ... 
(0.11} 112.36} ~0.7C» 10.421 iO.JOl ~Oil (2.llll \0.-Sol) 

10 2.48 116.75 12.911 7.21 46.34 223.M s.a 8.94 
11.131 136.861 !7 . .sot 11.5$ lll.l. tl4.MI ~ n.w 

-450 ().91 111.'15 ~.58 8.D7 1113 ... ll.l-4 9 • .i0 
~0 . .161 il5.351 !ti0.281 10.21) 1().9'7) t29.915J IU2t j0.34} 

1: 450 3.08 lll.40 :27.71 7.5.C 58.38 J05.30 95.22 : !.23 
'0.421 17.401 12.291 10.861 15.141 1131.50J (51.181 i-4.591 

100 ().-16 120.~ 10.10 17.52 SAl ZI&A D.J8 10.20 
\0.241 11.2.96l ll.JIIt 13-12l (0..0111 t2LIIII 112.21l (P.-4$ 

10 100 2.47 192.00 21.80 11.19 5UJ ~-H 11;18 9.56 
(0.041 187.301 (!HI} 14.~1 119.7~ 136.86} 13.241 11.24} 

450 100 LlJ l-15.85 UU6 16.32 17.24 325.06 53.71 ~8.82 
;o.~ \1.751 ~ ~- 1&441l ll2Uil l8-611l \6.741 

10 450 100 3.38 !%1.20 2-4.38 !.US 67.40 JOe..tD 47.70 ll.97 
«).0$ 14.7ot '2.561 (1.62} ftl.lllt f46.1Ut f2.3Gt i0.891 
10..%2 804.00 ~8.1)4 50.59 7.43 831.50 181.35 86.86 
i0.44$ 135.001 i20.701 (13.411 11.77) 177.501 137.451 117.151 

10 50.45 487.55 ~9.77 47.63 37.56 961.25 148.25 72.71 
12.36) 121.551 141.551 !16.791 19.35) 1189.261 111.75) 11.791 

450 :6.59 657.35 J~0.21 ~3.-"1 9.19 1.010.50 452.06 87.56 
!5.201 !52.351 :43.791 !10.891 10.681 12•41.501 (318.35) 15.621 

10 450 99.70 702..50 349.92 51.J8 37.86 5715.00 761.86 56.02 
:2.70) i30.501 :3 . .181 10.86) :4.961 153.00) !32.251 :7.02) 

100 14.00 5-48.80 ~-"" 209.50 8.69 1.021.00 182.60 388.60 
12.22) 125.201 117.121 i49.Q !0.98) 1106.~ (23.!Q !2.901 

10 100 86.02 6811.00 67.24 236.25 34.10 620.00 125.32 287.56 
(31 . .181 1114.001 i8.161 134.151 110.901 (327.001 («.481 .8-4.&51 

450 100 22.56 8 20.55 589.98 JJL32 l-i.J5 810.10 889.15 .}52.L)6 

iO.J61 1~7.l5l <33.021 ·5-~21 !6.931 1212.101 1Hi2.551 3Ul4l 
10 460 !00 87.26 569.00 240.04 l89.J8 47.:Mi 1.007.00 1,137 . .10 125.00 

114.961 154.&11 ·13.081 113.621 ;6.051 182.001 192.001 152.901 

J. £aviroa. Qal., Vot I, ... •. 1,-, .W7 



Ta.bJe 7-Sliloot ..e ,_. ·~ -u1 ~tnu-a Slid taiaJidard errurw1 f• .Aitdropopa ~ uad.R~ 
oa a rvaJ aiie eoi1. 

M etall! added 
Plant 

Andropogon 

part Cd Pb 

. .43/IJ 

Shoo& 

~0 

300 

·:o 900 

10 

~50 

Root 

zo 

900 

20 :JOO 

tO 

.. so 

t " = 2 for .~.-.aropogon scopanus. 

Cu 

100 

:oo 

3 

3 

2 

3 

2 

J 

2 

3 

3't 

coo 2 

Cd Zn 

0.47 :66.63 
•0.071 ·39.761 

:}().50 !89.33 
'1...!51 !l!l.J21 
:.J2 ~4.25 

O . .Stil 5.J5i 
:.l!l.50 .-:-6.30 

'3.JOI I lJ.tiQI 

;:L36 '61..:!0 
i3.JOI 62.;!01 
0.99 '· ~:1.4-:' 

•0.2'71 ,z:J.3tii 
:).78 ;ti9.30 

•tl.JOI '72.J0) 

.i.64 .J~ .. ).JO 
ll.S91 96.:HI 

236.~ Jl-<.J3 
!31. 721 •<17.021 

·') '6 ~14.1) 
;4 . .S.)) !~08.751 

792.15 ~96.J6 
113.@.561 \161!.851 

12f!. 70 24fi.~ 

122.001 90.:351 
7.31 '.!99.07 

!2.211 •74.391 
3.d2 ~'95.06 

10 . .12) 53.Jlil 

be 'aken in choosing the form in which to add a metaJ: 
Dijkshoorn and Lampe (19i5) found Zn and Cd about 
twice as available from sulphate fcr:!Ils than from 5ew
age sludge. Results may be nor~ meaningful if ~~ 
pressed on a sc1l available or a ;lam ttssue -:cnc:!ntra
tion basis rather than on a total ( cr added) concentra
tion basis which is not a necessarily reliable guide tc :.he 
amount that is available to p!aniS (H~mphill. 1972). 

MetaJ additions increased tile concentrations of the 
metaJ in both the tops and roots of beth species on 
each soil (Table 6 and 7). Accumulation of metals 
was usually greater for black-~yed 5usan than for little 
bluestem. irrespective of the soil. Accumulati.on cf 
added metals at comparable addition rates was :nuch 
greater for top and root concentrations on the mraJ .me 
soil than on the urban site soil with the possible excep-. 
tion of root Cu. This helps tO e::lplain why sumva.i 'N~ 
affected more for the rural site soil than for the urban 
site soil with comparable met.aJ addition for black~~ 
Susan. This difference in accumulation chara~:terisrics 
betw~n the two soils can probably be accounted for oy 
50il differences in pH, CEC. etc. 

While Penersson ( 1976) found vast differences in the 
mobility of metals within the plant for diffl!!rent species, 
most researc~ers have reported rest:~cred transport 
from roots to top (Pettersson. 1976; Jarvis et aJ., 1976; 
Fulkerson and Goeller, 1973). This is not :b.e case f<Jr 
black-eyed Susan where Cd is readily translocated from 
roots to shoots, with a root/ shoot ratio < 1. On the 
other hand litHe blu~tem retains most ·Jf the cadrn!um 
in (or on) t.31i! :-cots, with a rcct/ shoot ratio > l. While 
there is no noticeable difference :0 the Cd root/ shoot 
rano between the soils or additicn levels for black--eyed 
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Pb Cu 

i&lP'I 
10.06 J.a2 7.56 S68.o7 37.15 
!0.991 •0.381 11.031 (2-45.561 i22.911 
:0 . .3~ 5.!l2 593.73 :.Jl0.tl7 l3.99 
•1.~1 i0.231 {7'Uiil •293.061 •13A41 

-162.:0 LlO 
. :42.301 •0.531 
613.:5 .].37 

27.d51 •O.J81 

:U.J2 ua 371.30 ~-~l4'i33 37.44 
.0.621 '0.~41 123.861 1:!81.:.91 i10.341 

259.150 J.Jl 
12.52) .0.63) 
15.18 JU.56 
!4. 781 ;1.101 

5.-!.32 23.J6 6.73 )58.67 g9 8';' 
'21H81 •2.591 11.78) -302.27) 128.081 
hl.13 22.24 J:J2.33 J99.67 9<1.J6 

:.!5.l!OI t2.Mt 161.741 il: 5 . .11» ill.8~ 
LcU4 ~.: . .5:.3 
13.161 16.~51 

Jl\6.10 17.12 
68.62) 12.60t 
79.18 19.-42 174.13 463.67 79.34 
0.061 •0.561 t25.241 tH5.341 12.341 

~6'7.30 ~!!.82 
;470.511 (1.~. 

ltU8 286.35 
'0.221 ·25.061 

Susan. Cd is more readily transported to the 
little bluestem on the rural site soil than on 
site sou. This indicates that eit.ber differeD.."!:! 
tors \pH. CEC) are int1uendng rranspc" 

):~~~ 
7.;'.:'4-
11..41)~'» 

.<~ ,,.., 

7'1..u 
r::" .mi'~'~ 

~ :.1'2 ... 

;Jiant Jr :u~ :nf!uencing root uptake or :netai J.o•~o-v.,..,.. ... 
tc the root. Lagerwerff ( 1971) .hypothe:sized 
phys>olOIJY of plant upr.ake and translo<:atlOO 
metals :nignt be a function of soil pH. 

All the metals seem to have a more equitabie 
tion within the plant on the rural site soil 
ur'oan 5ite iOil. Copper is the only metal that 
defmite differena: \n the ratio between Cu-Dr.JcDI• 
unamended treatments, the amentierl Cu 
suongiy associaterl with the root systems. 

Co9per cootent of the little oiuestem root 
comparable betwea the two sCll.s witb COI!DPUI 
additions (Tabies 6 and 7). Both of these 
stated previously, had similar :in Ne!ght 
3). A powe:r curve (1 = a.xb) can be fit ~.hroogh 
site soil data for Cu additions relating ~P ".,....,.,. 
function of root Cu concenuation (a = 6 
- 0.6815). This gives a good estimate cf top ~ .... ....,,._,., 
~he root Cu concentrations of little ':iuestem 011 · 
urban sire soil (0.43 and 0.16 g estimates for the ua- , 
amended .md Cu-amended urban sire 30il treatmeatSt j 
respectively., as compared to recorde-J me~uremeoU ~t'!- , 1 
0.38 wd 0.15 g). · . • 

CONCLUSIONS 

With ~he ;:-ossible exception of C1 I :lC· data '"':iS 

tained for Zn1. neither scil nor plant metal coru.:~ .. " j 
!ions adequately account for the Hunting of ~1 

7' 
~ 1 

~ 

i . .. t 
- '- .. ··~· i 



;toted on ~e ur~ site~-~ ~ onJy be used ~ 
~xplain this we1gbt reduction tf a nonlinear resp<inse IS 
assumed. Nonlinear response is a valid representation of 
lteavy metaJ response (Miller et al, 1977}, but consider
;ng the e~tent of the data presented here it is still only an 
assumption. 

some evidence of 5ynergism and antagonism could be 
:cund. As these did not seem to be consistent but vaned 
-~!(h species, >oil, 1nd plant variable analyzed we do not 
:ed :hat •he results provide conclusive procf that 11etai 
,nrerac!Jon effet:ts occurred for the metal, >oil, s~.:ies 
.,...mCination :.~sed 'lere. \fore work needs tc ~e Jcne :o 
~~i'1ne the mecha:11srns of s;'Jergistic responses. It Jc<s 
'!Ot appear that the stunting noted for little bb1estem on 
:he urban >ite soil can be explained by either a lir.ear 
~cmbinarion of or a synergistic mreraction arr.cng the 
metals ;nvestigated here. This ':annot be adecuareiv de
;;:rmined however until the pc·ssible effects ·::t ;..:il pH 
.111d CEC on metal uptake and :ranspon can be -~uanti
~ied. 

.\ wr.enis:::r; is defined as t!":e ectal ~f:ect of an ;uter· 
aL~ion <!Xc~ding the sum of the effects of each sub
stance (Odum. 19il). The techniQue proposed by 
Carlson and Bazzaz (1977) to quantify synergistic inter
a..:tions is notbaseri on a summed effect, as >ynergjsrn is 
defined, but on a multiplicative effect. This is not no;es-
5~uily wrong. What is impon:ant is that the e.xperim~tcr 
identify the criteria he uses to test for synerg]stic re-
5oonses. Ideally there shouid be some concept:Jal 1asis 
:·or this ..:riteria. With the recent increase in the number 
of papers presented on possible heavy metal interac
ucns, ~ernaps ~oncomrnitent wori an the theor'!ucaJ 
aspects oi and the mechanisms of synergistic effects ;s 
alsc :alled for. 
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