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PREFACE 

This rcport prcscnb n standard method for dcriving bcnclimurks for thc purposc of"contaminant 
scrccning," pcrformcd by comparing mcasurcd tlmbicnl conccntrationu of chcmicnls Tllc work w r ~ s  
pcrformcd undcr Work Brcnkdown Stnrcturc 1.4, ~2.2.3.W,07.02 (Activity Dnta Shcct 8304,  In 
addition. hiis rcport prcscnk scts ofdab conccrning thc CITCCE of chcmicals in soil on invcrtcbrnks and 
soil microbial proccsscs, knchrnnrb  for chcmicels pol~ntidly ascociiltcd with Unikd  Stal~u Dcpurtmcnt 
of Encrgy silcs, und lilcraturc describing Ihc cqcrimcnu from which data wcrc drawn for bcnchmxrk 
dcrivation. 
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EXECUTIVE SUMMARY 

Onc of llic i n i t i d  s l ~ g c s  in ccologicill risk ilsscssmcnts for ha/,iidous wnstc sitcs is tlic xrccning 
o1'conttlrninants lo dctcrminc which of lhcm arc worthy of furtlicr consideration as "conbminnnk 01' 
potcntinl conccm,'' Viis proccss is tcmicd "conmnminont screening," 11 is pcrformcd by compnring 
mcasurcd ambicnl conccnknlions o f  chcmiciils to bcnclimark conccntrations. Currcnlly, no sutndnrd 
ixnchmnrkconccnvations csisi for rrsscssing conuiminants in soil iv i ih  rcspcct to thcir tosicity to soil- 
imd littcr-dwclling invcncbraics. including c;vlhworms. olhcr rnicro- and macroinvcrlcbratcs. or 
IictcroLrophic b;ickria and fungi, This rcpon prcscnts n stiindxd nicthod for dcriving bcrichmarks Tor 
this purposc, sc!s of dab conccrning cffccts of chcmicnls in soil on invcncbrntcu and soil microbial 
proccsscs, and bcnchninrks for clicmictlls ~ x m ~ u a l l y  wocialcd witti Uniicd Str71cs Dcpnmcnt of Encrp 
silcs. In addition, litcratur, dcscribing tlic cspcrimcnLv from wliich data wcrc drawn for benchmark 
dcnvation. Chcrnicills that arc found in soil at conccnmions cscccding both Ihic bcnchmiirks and llic 
background conccnvndon for thc soil ypc should bc considcird conhrninnnh of porcntinl conccrn. 

xiii 



1. SCREENIKG BENCMlVLiRKS IN ECOLOGICAL RISK 
ASSESSMENT 

An imponant slcp in ecological risk nsscssmcnls is scrccning llic clrcmicals occurring 011 a silc for 
contaniinnnk or patcntial conccrn, Scrccning may bc nccomplislicd by computing rcpolzcd rrnibicnt 
conccntrntionu Lo a sct ofiosicological tcnchniarrks. Mulliplc cndpoink for uspcssinl; r i sk  pwcd by soil- 
borne conhninmts 10 orgmisms dircclly impockcl by tlicm Iiwc bccn cstablishcd. Bcnchm:irks for tosic 
cffccts ofconminanb on tcrrcsiriill pl;inE arc prcscntcd in a companion manuscript (Elioymson CL 31, 
1797). This rcpon prcscnls benchmarks for soil invcrtcbratcs and microbial proccsscs and nddrcsscs 
only chcmiculs found at Uniwl Sbks DcpnrlmcntofEncrp (DOE) s i t s ,  Tlic bcnchmark for microbial 
proccsscs liavc not bccn updaicr.! sincc 1795, No knclrmurks for pcsticidcs arc prcscntcd. 

Ifa chcmicrrl's conccnmtion or rcportcd dctcction lirnil cscccds llic scrccning knchmark. additional 
analysis may bc nccdcd to dctcrminc thc huxards p o d  by that Clic~ilici~l ( k . ,  it is a cm.i-uiiinnnl ol' 
potcntiid wnccm). Howcvcr. if tlic chcmical's conccnwition or dcicction limit I'nlls klo\v dic proposcd 
bcnchmxk, llic chcrnicd m q  tx ignorcd during fudicr study unlcss public conccrn or ruicillary cvidcncc 
suggcst that it should bc rctaincd. 

Soil bcnchmarks nrc bucd on d m  providcd by tosicity studics in l l ic licld or, morc commonly. in 
laboratory settings, Most of Ihc soil conccntrntions of mchls rcponcd from wnslc sitcs iirc from 
c ~ m t i o n u  wilh hydrochloric acid (IiCI) or othcr mincrd acids which arc intcndcd to providc cstimutcs 
of total conccnwations, Similarly, conccnlrntions oforgrmic contnniinunts in \vilstc siic soils arc tohl 
conccnuations dcrivcd from rigorous csmctions by solvcnb In .wmc cascs, tosicity tcsk rcpoon 
contaminant conccnlrntions cstnctcd froni soils, but various csvnctants arc uscd lliat may not yicld torn1 
conccntrations. MOR commonly, tlic conccntriitions rcponcd arc noniinal cmccnlrations of n solublc 
form (k, P highly bioav;iilnblc form) of thc clicmical added to soil. Wc havc clioscn to u c  nominal 
conccnvations from the IikriiluK to compnrc 10 tlic "total" csuactcd quantities ol'n ;hcmicnl rcponcd 
for wastc sitcs. 

Tiicsc bcnchninrks arc appropriate for conhntinnnt scrccriing purpciscs only. An asessor niust 
mlizc that soil and invcncbmtc charactcristics play a Iarp part in tosicity and incorporntc hcsc s i b  
spccilic considcrutions in tlic cvaludon of tlic potcntinl Iiazuds or n chcmicnl. I f '  clicniicnl 
conccntrations rcpolicd in soils supporting many cadiworms cscccd onc or morc of thc knchninrks 
prcscnkd in this rcpolt or if il bcnclinirvk is cscccdcd by buckground soil conccntrations, i t  is gcncrally 
snfc to ossumc that llic bcnchmnrk is a poor m c w r c  of risk io canhornis  a1 dint sik.  

Allcr discussing mcllids. this r cp r t  prcscn& llic rcsultr; of llic litcraturc rcvicws and bciicliniark 
derivation for micity IO cutliworms (Scct, 3). hclcrolropllic microks and thcir proccsscs (SCCL J), 2nd 
otlicr iiivcmbmlcs (Scct. 5) .  Tllc final xcuons compnrc Ilic bcncht11iltks to otlicr critcris 2nd h;lckbTound 
conccnvations of chcmicals and draw conclusions concerning L)IC utility ol' llic bcnchmarks. 



2- I 

2. METHODS 

2.1 DATA 

Rcfcrcnccs on thc loxicity ol'sclcctcd chcmicals to soil and littcr dwclling invcrtcbratcs, microbes, 
and microbial proccsscs wcrc obkincd from scarchcs of bibliogaphic dntn bcrscs (BIOSIS, POL TOS 
I, currcnt contcnls), revicw aniclcs, and convcntional litcnturc scruching, Reports of tosicity tcsts of 
individual chcmicnls in Itlboroatov, pcnhousc, or ficld scnings wcrc oboincd. Dnh pnscntcd in Illis 
reponwcrc detivcdminly h m  prim,uy sourccs. Morc spccific infonnntion on thc tlrpcs ofcffccw data 
availoblc for cach p u p  oforgnnisma is given in thc npproprhtc scction or this rcport. Thc gcncnl 
crilcria for inclusion of il study in Ihc dim sct uscd to dcnvc tosjcity bcnclimutks follow, 

1. Mchodology was clcarly statcd (cspccinlly conccntrations of nppticd chcmicds) and follawcd in 
thc cspcrimcnl. 

Results wcrc quantified 3s mc;Isurcs of swuivorship, growtli, respiration, rcproduchon, substrate 
transformation, or cnqmc  activity. 

2. 

3. Rcsulls wcn: prcscntcd in numcnc form, or bmph.kul prcscnhlions or data wcrc clcnrly 
intcrprctrrblc, 

An unnmbiguous reduction csislcd in h c  mcnsurcd pirnmctcr within the rangc of npplicd 
conccntrdons of llic chcmicnl of intcrcsL 

4. 

Tic dah sclcctcd for soil bcnchmxks using hac critcria appcnr in Appciidis A through Appcndis 
C, Dnti wcrc callcctcd in thc rollowing calcgorics for analysis: 

I ,  

2, 

3. 

4. 

5 ,  

Chmicd-Thc cEccls of individud chcmicnls of inkrcst wcrc nnaly;rcd. In Ihc c w  of mctnls, llic 
m d  is l i d  in the "Chcmiwl" Gcld For orpnics, h c  compound is listed in thc "Chcmical" ficld. 

Chcmical Form-Thc fonn in which thc chcmicd ww addcd to thc cspcrimcnul mcdium (c,g,, 
solublc salt, orpnic). 

Growth. Mdurn-Substrok in which organisms \vcn kcpl during Uic cspcrimcnL Thc mcdia 
includcd noturd and artificial soil, manurc, sailhittcr microcosms, and olhcr cspcrimcnbl 
subsaotcs. 

Cation cxchmgc capacity is Lhc sum of thc cschangctlbtc cations that n soil can adsorb. csprcsscd 
w millicquivalcnts pcr 100 g of soil, Soil organic and inorganic consthucnts contain ncgativcly 
chargcd siks that ilrc thc location of i m p o m t  intcrnclions wiU1 positively chnrgcd ions in soil 
solution. R c s c  intcrtlctions affect thc toxicity of many c o n m i n m b .  

Organic mow-Soil organic m m r  is important in rcoctians of mutiy contaminanb in thc soil. 
Pcrccntagc organic mottcr, if ~;ivcn, \ v i s  convcncd 10 pcrccntagc organic carbon by thc cqunuon 
(Nclson and Sommcn, 1982): 

%,organic mnltcr / 2 - "/lrgimic carbon 



6, 

7. 

8. 

3, 

10, 

11, 

12, 

2 2  
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Soil pH-Thc pH of rhc soil cscrts control ovcr chcmical rcactions that aircct spcciation and 
biowailabilip of clicrnicals 

Spccics-Thc spccics of cuthworm, otlicr invcrtcbrntc, or microorganism is ncccssq  whcn 
providcd. Mowcvcr. most microbiological cspcrimcnls wcrc conduckd with M undcfincd. miscd 
nntivc microllorn, 

Exposurc duntion-How long tlic organisms wcrc csposcd to L1ic tcst chcmical, 

NOEC Applicd-Thc no obscrvcd cffccr wnccntration (NOEC) is dclincd as thc hidicst npplicd 
conccnmtion of llic chcmicd dhlcrcst causing ;I rcduclion of 20% or lcss in a mcnsurcd rcsponsc, 

LOEC Applicd-Thc ~0wc5Z0bscnicd cffcct conccnmtion (LOEC) is dcfincd ils thc lowcst applicd 
conccnrraGon of Ihc chcmical of inkrcst causing a gcatcr than 20% rcduction in B mcaurcd 
rcsq.mnsc. In some c w s ,  tlic LOEC for thc t c s ~ w ; ~ .  llic lowcst concentration tcstcd (LCT) or thc 
only conccnmtion rcportcd. its whcn hc EC,, (or ED& \vas rcportcd, 

Growth paramctcr-Rcsponsc varicd with thc iypc of organism and csqxrimcnt 

Pcrccnt dccrczrsc-Pcrccnt dccrcilsc in mcssurcd parnmctcr comparcd to control nrgnnim. 

SELECTlON OF LEVELS OF EFFECTS 

Twcnty pcrccnt rcduction in growth, rcprcduction. or activity was uscd as tlic thrcsliold for 
significant cffccts to bc consislcnt wilh othcr screening knchmi&rh for cco~ogical risk asscamcnt und 
with curtcnt rcgulalory pracljcc (Sum ct al. 1995). In bricf: most rcgulntory critcria arc bascd on 
conccnaations in toxicity tcsts that causc cflccls which arc sliltisticnlly sipificnntly diflcrcnt from 
controls. On avctngc, thcsc conccntrations cornspond to gcalcr than n 20% diffcrcncc in cffccts, In  
addition, rcplatory actions may bc based on comparisons of biologicnl pnramctcrs mcwurcd on 
c o n m i m k d  sitcs to tliosc fmm rcfcrcncc sitcs, Diffcrcnccs bctwccn pnrmctcrs nt sitcs ycncmlly must 
bc grcatcr than 20% to bc rcliably dclcctcd in such srudics. Thcrcfotc, llic 20'% cll'ccu lcvcl is trcatcd 
;IS a conscwativc approximation of Ihc thrcshold for rcylatory conccm, 

2.3 DEXIVATION OF BENCHMARKS 

Bccrrusc of thc divcrsip of soils, spccics, chcmictll forms, und tcst prwdurcs. it is impossiblc to 
csdmatc conccnlradons dint would constitute lhrcsholds for tosic cffccts on thc in*;cncbratc communities 
at p ~ c u l a r  sitcs from publislicd tosicity dab, This situation is analogous to tlic problcm of deriving 
bcnchmwks for scdimcnu, In this rcpon, thc mclhod uscd for dcriving soil bcnchrnnrks is bascd on tlic 
NaP'onnl Occanognphic and Almosphcnc Adminisbation's mcthod for dcriving thc Effccls Rangc Low 
(ER-L) (Long and Morgan, 1990), which has bccn rccommcndcc! as a scdimcnt screening bcnchmnrk 
by h c  U.S. Enviroiuncntrrl Prokction Agency (EPA) Region 1V. Thc ER-L is thc tcnth pcrccntilc oftlic 
distribution of various toxic cffccts Lhrcsholds for various crEanisms in scdimcnu. 

This approach can bc justified by assuming that Uic tosicity ol'a chcmical in soil is o random 
variate, thc toKicip dconmin3lrd soil at P paniculnr si1c is &awn from t)ic m c  distribution, nnd thc 
;~ssasorshould bc 70% ccmin of prolccting orgnnisrns gowing in thc silc soil. Any bias in thc dau  set 
would midgatc against that assumption, In this implcmcntation of thc approach, thc bins most likcly to 
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bc significant is Lhc usc of salublc salts of mcinls in thc tosicity tcsu. Tliesc salts YC likcly 10 bc mort 
tosic than thc misturc of forms cncountcrcd in ficId soils, mat bias would rcsult in conscrvativc 
bcnchmwk vducs, Olhcr possiblc sourccs of bias includc Llic csclusion orsyncrgistic and nntigonistic 
c~ccccts rcsulting from intcractions bctwccn chcmicols. usc of o limitcd numbcr of tcst spccics tliilt may 
not bc rcprcscntiltivc of thosc in llic ficld, usc of anilicial soils Ihet may not bc rcprcscntcitivc of soils 
in pcncral. and otticr laboratory test conditions Lhat may not Dc rcprcscnbtivc of licld conditions. Tlic 
dircction and mngnitudc of thcsc potcntial binscs is unknown. 

Thc todcity bcnchmarks w r c  dcrivcd by nnk-ordcring h c  LOEC \dues nnd lhcn picking a 
nurnbcr that approsimatcd Ihc 10th pcrccntilc, As wih Lhc ER-Ls, swlisticd ritting \vas not uscd bccausc 
thcrc wcrc scldom sulljcicnt dah and bccausc thcsc knclimarks urc to bc used ns scrccning \ ~ l u c s  and 
do not rcquirc h c  consistency and prccision of rcylatory critcria. If drcrc wcrc 10 or fcwcr viducs for 
a chcmicul, thc Iowcst LOEC was uscd, If thcrc wcrc morc dim 10 vducs. tlic 10th pcrccnlilc LOEC 
valuc \vas uscd. If thc 10th pcrccntilc fcll bcnvccn LOEC valucs, n \~oIuc wiw choscn b?+ intcrpoladon, 
Sincc hcsc bcnchmarlis arc intcndcd to bc tlircsliolds for significant cffccts on growth and production, 
tcst cndpoinu that indicntc a high trcqucncy of Ictlidity nrc not nppropriatc. Tlicrcforc. whcn P 

bcnchrnvk is based on an LCw or on somc olhcr cndpoint dint includcs a 50% or gcutcr rcduction i n  
sunlivorsliip, thc vnluc is dividcd by P factor of 5 ;  this factor is biWd on Ihc nutlrors' cspcnjudbmcnL 
Aldiough no data csist for comparison of lcllial and sublcthal c~cccctc conccnmtions in tcsts conductcd 
with thc samc spccics and soils, it is assumcd that il factor of 5 can bc uscd 10 approsimatc thc ntio 
LCsdEC:w 

In nll c m ,  bcnchmmk vnlucs \vcrc roundcd down LO onc sigifimt figurc. This rounding \vas donc 
for two rcilsons. First, it is not appropriatc to ascribc g~cntcr prccision to il n u m b  than it octunlly 
posscsscs: thcsc bcnchmrvks x c  vcy  imprccisc, Sccond, t)rc rounding SCIVCS to cnlplmwc Ihc fact h a t  
h c  bcnchmarrks YE conccptuelly distinct horn tlic tcst cndpoint volucs from which thcy wcrc durivcd, 
That is, M LOEC may bc a prccisc cstimatc of tlrc lowcst tosic conccntradon for :I padculat plant 
v;uicty in a prvliculnr tcst system. but whcn an LOEC is uscd a!! u bcnclimxk for dl plants in licld soils. 
i L  is 3 qunliktivcly diffcrcnt and much morc poorly dcfincd vnluc. 

Bcnchmnrks wcre dcrivcd in thc prcviously dcscrikd mmincr for carthwoinis and microbial 
hctcrouophq. Insuficicnt informfiuon was avnilablc for cshblishing bcnchmarkq Tor othcr invcrtcbmtcs, 
as discuscd in thc appropriatc scction of this rcport. Proposcd scrccning bcnchmnrlis for tosic cffcch 
ofcontaminants in sails arc prcscntcd in Tnblc 1 (cruzhwonns) and Toblc 2 (microbiul populations). 
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THhlc 1. Scrc.Fcnlng hcnctimwk conccntrxtiona 
for the toxicity of chcmlcrilr to cwnhworma 

Chtmlcnl 

h n i c  GO 
Cidrnium 20 
Chmniium 0.5 
Coppcr 50 
Lcod so0 
Mcrclln' 0.1 
Nickcl 200 
Sclcniurn 70 
Zinc zon 

Chloroucctumidc 2 
3-chloroimilinc. 30 
2.4-dichlorormil inc I30 
3,j-dichloroimilinc 20 
2,4,5-mc hloruunil inc 20 
~,3,5,G~tctruchloro11nilinc 20 
Pcn~uchlomunilinc. 1 00 
I ,?4icl~lompropnnc 700 
Dimethy Iphttidatc 200 
Fluorcnc 30 
N d r o d i p h m y  liuninc 20 
Phcnol 30 
Jdrophcnol 
3-chloroplicnal IO 
3,44ichloropl~cnol 20 
?,J,S-m'chlorophcnol 9 
2,4,6-trich lorophcnol IO 
t,3,J,S-~clrachloroplicnol 20 
I'cnhchlorophcnol 6 
C hlorohmmc 40 
I ,4.dichlombc.nzcnc 20 
I .2,3-Lriclilorobcnzcnc 20 
I ,2,4-Lrichlurokw.~.iv.tn~' 20 
1,2,3,4~~ctracli torobavtnc IO 
I'cntuchlombcrwcnc 20 
N i t r o k n x m  40 

.I 
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T~lblc Z S C N ~ H ~  bnchrnHrk conccntrutionn for the toxicity 
olchcrnlcnh to aoll m l c m o ~ ~ n l a m s  m d  microhinl prvcc!~sca 

~ 

Soli 
C hem icw l (rnX/k8 

Aluminum 600 
Ancnic IO0 
Rurium 3000 
Boron 20 
Ciidmium 20 
Chromium IO 
Cobult 1000 
Coppcr 100 
Fluorinc 30 
Iron 200 
L nnlhim urn 50 
Lcnd 900 
Lithium 10 
Mimgimcrc 100 
MLXUV 30 
Molybdenum 200 
Nickcl 90 
Sclmium IO0 
Siivcr 50 
Tin 2000 
'I'i tlmium I000 
' 1 1 1 n ~ m  400 
Vnnudium 20 
Zinc 100 
Acry loni lri IC IO00 
Curbon tctruchloridc IO00 
Cis- I ,44ichlom2-buIcnc IO00 
I*ksiichlorobcW.ulic IO00 
'h ' i trokmaic IO00 
I'hunol I 00 
Pcn tuchlorophcnol 400 
Triinn. 1.44ichlnr~Zhu1cnc IO00 
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This mcthod of dcriving scrccning bcnchmarks for soil orpnisms may appc:u as insullicicntly 
wn.scrvaljvc. Tliis imprcssion miglit rcsult from thc fact hat thc dcrivation of thc bcnchmork (likc Ilic 
dcrivation of Lhc ER-L valucs) implics a sigificant cn'cci on approsimatcly IO'%, of thc spccics, 
Howcvcr, thc mcthod probubly is wificicn t1y conscrvntivc for llic following rcnsons, First, Lhc 
bcnchmarks ivcrc dcrivcd for a conimuniiy-lcvcl uscssmcni cndpoint. Civcn ltic watcr. nulricnf or 
physical limitdons of most soil= iuld littcrdwclling communih,  n rcduction in suwivol. growth, or 
rcproduction of IO'%) of cadiworm spccics or reduction of h c  rntcs of 10% of microbial proccsscs is 
likcly to k occcpLddc. Sccond, thc bcnchnixks dcrivcd by thcsc rnclliods Iiwc provcd to tx conscrvntivc 
in pructicc. In somc cascs, thc bcnchmiuh arc lowcr than background conccnuations (SCCL 7). Ilic 
bcncharks NC bascd on tosiciiy icsts that dosc grotvh subsunics witli mlublc snl~s of mctds whicli 
arc morc wailnble than most naturally occurring mclrrls and cvcn mchls n i  many. if not mosi wstc 
sibs, 

Thc authors havc aitcmpicd to assign Icvcls ofconfidcncc to dic bcndimxks; Ilicsc arc prcscntcd 
with dic appropriaic chcmicels in SCCL 3, Thc crikria ~ S L  rcflccting h a t  conlidciicc arc as follows: 

1. Low Confidcncc-Bcnchm;uks bwcd on f c w r  than IO litcraiurc vnlucs. 

2, Modcratc Confidcncc--BcncIimruks bascd on IO to 20 litcraiurc valucs. 

High Confidcncc-Bcnclunarks b w d  on morc lhan 20 litcraturc vrrlucs, 

High confidcncc in a bcnchmark b&.d  on morc dian 20 rcponcd losic conccntntions may bc 
rcduccd to mdcn tc  ifllic m g c  ofplilnL c;lliliworm, or microbial spccics tcstcd is narrow ( i t . ,  only onc 
spccics of cnrthworms was ks:cd), Mdcriltc or high confidcncc bcnchmnrks wcrc in somc instances 
dcmolcd oiic Imcl iflhc valuc approimaling Jic IOh pcrccntilc was Ihc lowest concentration tcsicd and 
causcd a grcntcr L1im 30% rcduction in thc mcisurcd gmvdi  pmmctcr, Tlicsc critcria may sccm 
arbitrar?;, but thc rcsult is a confidcncc classification dint fairly rcflccts LIic oudiors' profcssionnl 
judbmcnt 

Any schcmc for dcriving n sct of standard ccoiosicological bcncliniaiks is bnscd on nssuniptions 
that may bc qucstioncd by rctldcrs, Thc proccdurc uscd hcrcin is consistcnt with currcnt rcgu1:itoty 
practice and contains a minimum or assumpdons or factors, Rcndm who carc to mnkc othcr assumptions 
or add sarcty factors may makc usc of tlic d m  prcscntcd hcrcin io cdctilnlc thcir own bcnchmarh. 
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3, EARTIWORMS 

3.1 INTRODUCTlON 

Eidiworms illf probably thc most importrurl soil invcrtcbnitc in promoting soil fcttilip (Ed\rwdu, 
1992). Thcir fccding and burrowing activilics brcak down organic mamr and rclcasc nutrients and 
improvc urntion, dminap. and nggrcg;lGon of soil. Enrthwonns arc also important componcnts ol' tlic 
dicts of mnny highcr wimds, 

Eurlhwoms arc known to take up many inorganic and organic soil contaminants. Availability of 
contaminants for uptake from thc sail is controllcd by wit chmctcristics. van Gcstcl(1992) concludes 
h a 4  With Ihc wcption ofcmcrncs in pH, it is not possiblc to prcdict mcml nvnilobility on fhc basis of 
soil variablcs, Availability ofeontamjmnts fiom plant litkr in varying dcgccs ofdccomposition is also 
complcx ond poorly undcrstood. Thc fccding and burrowing hobits of cdnvorms  dclciminc heir 
csposurc to chcmicills in soil and littcr, Gcophagus organisms (thosc taking in largc mounts of soil 
during fading on wcll.dccornposcd orgunic matcrid) and tho% living on or ncw thc soil surfucc mny 
hnvc pa&rc;uposm 10 organic chcmjcals than worms fccdhg on littcr pullcd down into burrows in tlic 
subsoil (Curl ct d,. 1987) Organic conkuninnnts may undcrgo &dation by the cytwchromc P-SSO and 
olhcr cnqmc  systcms within thc earthworm. E;llzhworms dso may bind scnobiotics and hcir  
mctaboliks in uncxtmcbblc forms (Skncrsen, 1392), Physiological rcsponsc mcclrnnisms to mchls nn: 
spccics spccific (Tomlin, 1992), Much of thc ingcstcd lcad, ca&nium, and rinc (&IC h c c  most studicd 
inorganic contaminants) is occumulatcd in chlomgogcnous tissuc (intcdnd wnll) of tlie postcrior 
alimcnwy canal (Morgnn ct PI,, 1993). Littlc is known nbout mcclianisms of  iosicity ofclicmicals in 
cxthwonns, 

3.2 EARTHWORM DATA SELECTIOS 

Information suitablc for cdculating scrccning bcnchmwks IVL. avilablc for n limitcd numbcrof 
mctals and o liugcr number of organic compounds. Tosic cff~ccl~ information on polychloriniilcd 
biphcnyls (PCBs) is not availrrblc and information is limilcd ror polycyclic aromatic hydrociirbons 
(PMs). Thc toxicity of many agricultural pcsticidcs has bccn tcstcd, but 3s shied prcviouuly, it is not 
prcscntcd hcrcin. Data on which tlic benchmarks arc b w d  arc givcn in Appcndis A; bcnchmarks arc 
givcn in Tnblc I ,  

Only cxpcrimcnts in which cdiwormswcn:orposcd 10 soil (natuml or artificial mi$;ture of tirrturjl 
componcnts), soiVlittcr microcosms, or mmm wcrc considcrcd for dclcrmining benchmark lcvcls of 
conminnnls in soils, Thc main dtcmaljvc mcthod is thc contact frltcr papcr tcst in which L!C organisms 
(vc pluccd on filtcr papcr containing thc chemical LO bc tcstcd for tosicity. Rcsults arc prcscntcd ;IS mg 
chcmid pcrcm' film pclpcr and arc thcrcforc not comparrrblc to rcsulls givcn t19 conccntmtions (mg pcr 
kg substtrrtc). TIC t c s ~  givcs information about skin contact toxicity but not oral ingmtion toxicity 
(Rcincckc, 1B2), Although u p d c  through thc cuticlc is considcrcd an important upukc rouk for somc 
organic chcmiwls (Stcncrscn, 1992). oral ingestion is an impomnt uplnkc routc for mctds and organic 
compounds found in soil and littcr, Hcimlrach (1988) rcports that thcrc is littic cornlation bchvccn 
conuct pnpcr l ~ 5 t  and OECD ndlicial soil tcs~rcsults. Good corrcldon bctwccn the OECD nrtificinl 
soil tcst and field tcsts arc rcpomd for s n m l  pcsticidcs (Hcimbech. 1992). 

Acutc and chronic tosicity m tcstcd in cspcrimcnts cvaluating thc cEccccts of chcmicals on 
earthworms, Mortality is L)IC main cndpoint in PCUIC tbsicity tcsts with rcsult. rcponcd IIS thc 



conccnuation causing dcath in SO'% of thc tcst population (LC,). In dic c,w: of organic compounds. 
most of thc litcrnturc rcports LC,,, vslucs, 

Chnngc of individual body wcighk which miiy indicatc sublclhal clTccccts, cim also bc mcnsurcd 
during ncutc tosicity t c s ~ s ,  Endpoints that indicntc cffccts important to population dynamics includc 
cocoon production, cocoon hatching ram, andjuvcnilc survival (Koku, 1392), It should bc nolcd lliat 
scvcrul rcscurchcrs hnvc found a ncgativc corrclntion bchvccn adult body \vcit;ht und rcproduclion 
(Koktii, 1992). and tlic conclusion is that thcsc chuactcristics should bc invcstigntcd togcthcr, 

3.3 EARTHWORM TEST SPEClES 

Espcrimcnts on thc tosicity ofchcmici\ls to c d i w o m s   ha^ bccn pcrfomcd with rcprcscnwivcs 
of thrcc fmilics (Mcgu.sco/cciduc, Gtdrilidac, and Lirmbrfciduc) and 12 spccics rcprcscnling 
cadiworms from Europc and North Amcrica, Africa, India. and Asin. 

Tlic most commonly uscd cxhworm, I;lscnluficridu, is a nonburrowing organism round in compost 
pilcs and othcr orgnnic-hch cnvironmcnu (Lcc. 1985). It bclongs to llic cpigcic ccologial cacgor?, of 
Bouchc (1392). Eiscniafitidu may bc Ihc most prolific ofworms wilh n shoncr lifcspan than othcrs of 
IhcLi~ntb~ciduc family. Ils naiural habitat may bc undcr thc bark or fallcn UTOS, and p ro tom may Lc 
an csscnlinl pwt of its dict ( k c ,  198s). Erscnla andrci is considcrcd a sibling spccics ofE.f i / idu by 
m o a  rcscmchca (Bouchc, 1992): howcvcr. it h i s  bccn vcatcd as a subspccics of E, firidu by ollicrs in 
dic pas (van Gcstcl and Ma. 19XX),  Tficsc cxtliwornis arc considcrcd idcd for IoSicity testing bccausc 
of thc c u c  with which populations iuc mainlaincd in Lhc Iilbora1oly. Tlic short gcncration timc of K 
fctida allows invcsugdon of cffcck of clicmicals on rcproduclion and second gcncration sumival, 

Lirmbricirs ruhc/lrr.s is a shnllow=burrowing lumbricid nctivc in tlic surlhcc nnd litter horizons of 
pssturcs and grnsslands (Lcc. 19x5). It may forsgc for food. such as dcad r0ot.u. in tlrc subsurfacc 
horimn and dig dcop burrows in which to rcst during pcriods of cnvironnicnhl sues!!, fn thc litter Inycr, 
L. rrihcllirs fccds on slightly dccomposcd plant rcmains. dung, and baclcria. 

Tic  gcnuu A/lu/ohop/ioru is rcprcscnlcd in tlic tosicity litcraturc by dircc spccics. A/~fJ/obf)p~luru 
chlororlca is [I sliallow-burtowing lumbricid worm found in pcnnancnt pnsturc and othcr ~~nsslnnds 
(kc,  1985), Itspcnds most of its lil'c in thc topsoil fccding on wclldccomposcd plant rcmnins (Iiunius). 
It is considctcd 10 bc gcophilps bccnusc it ingests il liugc quantity of soil during fccding. A/lolohoplroru 
cctl/,q/nosa and Apporccrodcu cu/i,q/nosu urc classified by Dindnl ( 1  930) ns thc s m c  organism, I; is 
similnr to A, clr/oror/cu in its burrowing and fccding habik and is common in alkillinc soils of EppL 
(Lcc. 1985). No lifc history informalion \vas available on dic spccicstl, rtrbcrcitluru. 

Ocrolasiirm cyancirm is a burrowing lumbricid s i c i c s  that Iivcs in thc soil and fccds on dcad roab 
(Lcc. 19X5), It is common in pasturc lands whcrc it crcatcs dccp horizontal burrows. 

Dvndrobacna ntbtd~ is an ubiquitous forcst littcr inhabiting lumbncid (Lcc, 13HS). It fccds on 
slighhtly dccomposcd Icaflittcr and docs not bwrow into thc soil. 

Thc Eirdnlirlac family is rcprcscnlcd by Eudrilics crr~cniac. "lis lropical spccics from wcst Africa 
is now widcsprcad throughout tropical and tcmpcratc rcgians (Ncuhnuscr ct al.. 1973). It is I conimoii 
inhabhnt of topsoils and prcfcrs h;rbil;lts wilh high conccntntions of organic mattcr. 



The Mcgu.scalccldac family is rcprcscnicd by lhrcc organisms for which littlc infonnadon is 
available. Pcrlonyx cxcuvuitr,s is thc Indi,m subcontincnt cquivalcnt of f3,wnIu jittida, prcrcrring 
compost hcilps and other accumulations of organic matcrial (Lcc, IC)XS), It is known to fccd on animal 
dun& P/tcrcrirnaposrhrrmn is originally Crom cos1 and souficmt Asia. Yo lifc history information was 
lound on Oclochacrrrspurron,; howcvcr, ollicr mcmkrs of LIic gcnus occur in Ncw Zcdand (kc. 1985). 

3.4 EARTHWOkV DATA AND BENCIIMAFX DEWVATION 

3.4.1 Inorpink Compounds 

Arscnic, Fischcr and Koszorus (1992) tcstcd thc cfl'ccccl.l of GX pprn of arscnic (its potassium 
arscnak) on gawth w d  rcproduction of Ei.wniafirida (avcngc initial agc of 5 wcckij wlrcn addcd 10 
a combination of pat? inarshlnnd soil and liorsc manurc ( I :  I ) ,  Tlic numbcr of survivorS and tlicir livc 
mass and thc numbcr ofcocoons produccd w r c  mcnsurcd. Thc nuinbcr of cocoons produccc! pcr worm 
showcd thc highcst sensitivity LO arscnic with a 56% rcducticn at Ljic test conccntration. 

Thc bcnchmuk of GO ppm ilrscnic is bad on this study only, Bccausc of thc lack of dam, 
confrdcncc in this bcnclimurk is low, 

Cndmium. san Gcstcl and his collcagucs in thc Nclficrlilnds Irnvc csltlblislicd a fairly sltlndnrd 
proccdwr for tcsring tic losicity ofchcniicnls to earthworms in an artificial soil misturc miidc up of (by 
dry wciglit) 10% sphagnum pat,  20% kaolin clay, md 69'Yn finc sand and CaCO, to adjust tlic pH to 
approsimatcly G (OECD mil) (van Gcstcl ct 01,. 1332), Thc work in this citation cvnluaccd dic cffccts 
of Cd, nddcd IO Uic soil as CdCI,. on gto\vOi and rcproductioii (cocoondwormlrvcck, pcrcent firtilit? of 
cocoons, juvcnilcdfcdlc cocoon, juvcnjIcs/\vorm/wcck) of Eiscnia andrci altcr 2 1 days, Tlic Cd w s  
addcd in aqucous form and thc rcsulunt subsvatc :iddcd to 1 L glass jm, Approsimiltcly 5 g fincly 
ground EOW dung ws xldcd LO a shallow holc in dic middlc o f  thc s u b s m c  LO s c n c  its n bod wurcc for 
Lhc 10 worms. A conccntrdon of 18 ppm Cd HW rcquircd IO rcducc Lhc numbcr of cocoons 
produccdlwcck and h c  nurnbcr orjuscnilcslworm (23 and 22%). Cro\di  and rcproduction wcrc not 
afrcctcd at 10 ppm Cd. In ollrct cspcrimcnts by van Gcstcl CL al. (1991a) using Ilic samc systcm bui 
comparing thc rcsultf from puuing dx: T d  sourcc in a holc wilh lliosc from mixing it in with subsrrntc, 
gowth was rcduccd 44% by IO0 ppni (32 ppm had no cffcct) in thc formcr casc and 40% by 32 pprn 
(10 ppm had no cll'cct), in Ihc Iattcr, Thc EC,, for cli1clla dcvclopnicnt (indicating scsuol maturily) \vas 
108 ppm Cd for dung plxcd in a ccnlcr holc in thc substratc, nnd 27 ppm for dung miscd in \vit)i 
substmlc. 

Khalil ct al, (1  99G) mcasurcd l l ic momliil; and cocoon production of Aporrrcrodca culi,qinu,va 
whcn cxposcd to various conccnualions ofcadmiurn, coppcr and zinc sulfa& in an Egyphm soil. A h  
cight wccks of csposurc io 10 mgAg of cadmium, thc lowcsl conccntriltion Icstcd, cocoon production 
was rcduccd 25%. Toxicity tcsts with misturcs of Ihc con:?minanu wcrc also conduc~cd, and it was 
concludcd that llic Ihrcc mclills act ;mtqpnistically at Ilic conccnwations tcstcd. 

Spurgcon and Hopkin (19%) invcstigalcd llic cffcct ofcadmium (as nimlc) on survivnl, growth, 
cocmn production, and wmn viability oTI3scniafifidu in an OECD artificial soil. Tlic Iowcst ECSO, 
215 ppm, was for bro\crh, Thc invcstigators also studicd llic tosiciiy ofmchl=contaminatcd licld soils 
and an d f i c i a l  soil contaminotcd with muldplc mcwls, 

Spurgcon ct 01. (1994) kcpl :!dull ]io filridn in conhminnlcd OECD artificial soil (1111 G.3) for 
8 week 10 tcst thc cflccls of Cd [as Cd@O,),J on sunlival and growth of Ihc cnnh\vorms. Rcsulk tvcrc 
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rcpxtcd as LC,s for momlily and EC,s for cffccl~ on cocoon production. Ancr 56 days, thc alculatcd 
LC,, wns gcatcr than 300 ppm Cd. Thc EC5, for cocoon production was 46.3 ppni. 

Thc cffccts of Cd addcd to liofsc manurc (as Cd acctatc) on K,fim/u (inidally lcss llinn 2 \vccks 
old) was invcsiigatcd by Malccki CL nl. (13X2). Two gro~srli pcriods wcrc uscd, X and 20 wccks, and 
suwivd. wcighigain, and c o x a n  produclion wcrc mcuurcd. Tlic most scnsitivc panmctcr \+'as cocoon 
production. In thc X=wcck ksh tlic lowcst conccntrstion tcstcd, 25 pprn Cd, causcd n 52% dccrcixsc in 
cocoon production. In thc 20-wcck tcst, thc Iowcst conccnration tcstcd, SO ppm Cd, causcd a 24% 
dccrcasc in cocoon production, 

Tlic previously dcscribcd sy;yslcrn (horsc mmw) in< uscd by Ncuhouscr ci nl. ( 19x4) to look 8t llic 
cffcc!~ of Cd addcd i ~ 5  w i o u  solublc salk on growth and rcprocluction of Cfit/da. Thc audrors rcpon 
thcir rcsults with poolcd dab fmm all forms ora mcuL Ancr G wccks, both go\vth (wcight) and cocoon 
production wcrc dccrcascd (25 and 100%) by 100 ppm Cd, tlic lowcsi conccnkotion tcsicd, 

Bcnguson CL nl. (lW6) rcpon llic cffcctv of  Cd on rcproduction in ~Iic c d i w o m i  Dcnu'rtrhacna 
nrbidu wlicri gmwn in subtmlc at vnying acidity. Thc mctnl \ v u  addcd io n 1:2 (volumc) combination 
of sandy soil and well-dccomposcd caltlc dung with a resulting organic carbon of nbu t  670. Allcr 4 
monlhs at pEl4.5, rhc numbcr ofcocoons produccd pcr worm was rcduccd 62% by IO0 ppm Cd, whilc 
10 ppm had no ctrcccct n i c  jxrccnt hntchcd cococns. hatclilings/cocoon, nnd tot11 numbcr ofhntchlings 
\vm not alY'cctcd. At pH 5.5. L1ic numbcr o f  cocoons prduccd pcr worm, Iintclilingslcocoon, nnd total 
numbcr orhalchlings wcrc rcduccd 711,71, and 74%. rcspcctivcly, by 100 ppm Cb wliilc 10 ppm liad 
no cffcct Thc pcrccnt hatchcd cocoons was noi aflcctcd, At pH 6 5 ,  thc pcrccnt haichcd cocoons, 
hakhlinphcoon, and total numbcr of hatchling wcrc rcduccd 4 7 . 3 ,  and 30%. rcspcctivcly, by I00 
ppm Cd, whilc 10 pprn 110d no cffcct. Thc nurnbcr of cocoondworm \YL! noi affcckd, 

van Gcstcl and vnn Dis (19XH) conducid a scrics ofcspcrimcnb in a sandy soil (1.7% organic 
maltcr, CEC 5.5 mcqllOO g soil) to invcsligatc ilic cffccts o f  acidity on ncuk tosicin, ol'Cd (CdCIJ to 
ndult L. andwr. Thc LC,, was bctwcn 320 and JGO ppm Cd ancr 14 days a~ pl4 4. I and > 1000 (no 
cflcct) at pl.1 7, Thc LCSO conccnwation in OECD soil, with 10% organic m m r  at pH 7 ,  IW atso 
>IO00 (no cffcct). 

Ncuhauscr ct id. (1985) uscd OECD nrtificinl soil (pH 6 )  to dctcrminc LCv, of Cd (:tddcd as Cd 
nitrau) for adult 6fir idu.  Rncr 14 day,  thc LC?, wns calculntcd to bc 1 KQ ppin Cd. 

In n study m i n i n g  h c  cffccw of soil fncbrs on Cd toSjcily and upbkc. Mo ( IYH2) uscd a sandy 
loam soil (pH 7.3.X'% otgmic maticr) spikcd with CdCI: to dctcrninc llic cffccts of Cd on survival of 
adultfJrmhnnrs nrhrllris, Ancr 12wccks, 1000 ppm Cd causcd an X2% dccrcnsc in smiivd whilc I50 
ppm hod no cffcct 

A knchmark of20 ppni has bccn computcd for Cd on thc &ais ol'thc 18 available conccnrations 
causing tosicily. Confidcncc in this bcnchmruk is modcraic, 

Chromium, Abbosi and Soni (13X5) workcd with a vsrcm in which dic cdi\vorni Uciocltamr 
pslronl was kcpt in concrck tanks conhning a misturc of soil and animal dung for GO days to L~SCSS 

hc cfl'cct of Cr(VI), nddcd as K:Cr:O,. on survival and rcproduciion, Suvival WIS Ihc most scnsitivc 
mc;Isurc wilh a 75% dccrcilsc rcsulihg from 2 ppm Cr, tlic lowcsi cotlccnmiion tcstcd. Thc numbcr of 
coc00ns produccd \Vis not diminished until tlic concentration rcaclicd 20 pprn Cr (highcst conccntradon 
tcstcd): thc numbcr orjuvcnilcs produccd was not nlTcctcd. 
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Thcsc m c  rcscarchcrs (Soni and Abbasi, 19K I )  found no sun-ival of/litcr~iimapo.Fllrrrma aflcr 
GI days in II paddy soil LO which I O  pprn Cr(VI) (lowcsl conccnvnlion tcstcd) was addcd. 

VM Gcstcl ct id. (1992). in dic s.stcm dcscribcd prcviously for Cd, also found gowth o f 6  andrcr 
10 bc mort: scnsitivc to Cr ban rcprduclion. In his cm, Cr(II1) was addcd as chromic nitrim to OECD 
soil. A conccntration of 32 ppm Cr rcduccd growth by ;O% wliilc cocoondwodwcck, pcrccnt fcrlilc 
cocoons. and juvcnilcs/wormAvcck wcrc rcduccd 2X,7,2, and 5 1%. rcspcchcly. by IO0 ppni Cr. 

Molnnr ct  al, (1989) csamincd Lhc cffccts oI'Cr(lI1) and Cr(VI) on growth and reproduction of 
Giscniafiridu in an undctncd subsunk, Chromium (VI) was nddcd xs K,Cr,O? and Cr(ll1) as 
KCr(SO& Rcproduction after 8 tvccks \ v u  thc mcuurc most scnsitivc to Cr(l11) with a 55% dccrcnsc 
in thc numbcr ofcocoons and hatchlings at 625 ppm Cr(lI1). T ic  authors indicatc that rcproduclion was 
also scnsilivc to Cr(V1) buL no daw wcrc givcn, Ancr 2 wccks, mass gain ofjuvcnilcs uias dcCrCiLXd 
54% b?.. 2,500 ppm Cr(l1l) (G25 ppm had no cffcct) md 43% by 625 ppm Cr(VI) (Iowcst conccnmtion 
tcstcd). AIlcr 4 wccks. mas gain ofjuvcnilcs \vas dccrcascd 39% by 2,500 ppm Cr(ll1) ( G 3  ppm Iiad 
no cffcct), nnd Cr(VI) hitd no cffcct. Chromium(C'1) at 1,250 ppm \V;LS incffcctjvc whcn wornis wcrc 
inlroduccd .flcr thc soil had cquilibrntcd for 2 wccks. rcgardlcss of llic Icnglli of csposurc. 

I t  is dificult to sct a bcnchmark conccnvation for toxicity orCr to cdi\vorms, Survival may !x 
rnorc scnsitivc lhan rcproduclion 10 tlic mcul whcn il is uddcd to llic cartliworni subsu:itc iiS a solublc 
salt, Thc rclntivc toxicity of Cr(1II) and Cr(VI) is not clcw from Ilicsc studics. Cr(V1) ions CiU1 pass 
hrctugh ccll rncmbraircs with much grcatcr c u c  thin Cr(lI1) ions, I-Iowcvcr. il is tl~ouglrt llizt C o t )  is 
rcduccd to Cr(l1l) insidc tlic ccll (Molnar et al,, 1989); this iattcr may bc thc final nctivc Tomi, Widiout 
P k u c r  undcrsmding of Cr msfomations in Ilic soil, transport across c~rtliworm ccll mcmbraiics, and 
rcnctions within thc ccll, it is diflcult to scpxntc tlic cffccts of llic two dif'fcrcnt forms, 

Thc 0.4 ppm bcnchmnrk for Cr is bascd on tlic work of Abbisi arid Soni (l9H3). A sllfcty fiictor 
of 5 \vas applicd to thc 2 ppm LOEC bccausc i t  causcd a 75% rcduction in cartliwonn survival. 

Confdcncs in this benchmark is low bccattsc it is bascd on only livc rcpond concciiualions 
causing tosicity to cnrtliworms. 

Copper, Ncuhauscr ct 01. ( 13x4) cvaluaicd h c  cffccls of solublc fomis of coppcr on goivtli and 
rcproduction Lfi t idu  a dcscribcd for Cd, Tlic aulhors report llicir rcsulls willl poolcd dota froin all 
forms of a mctcll, ARcr G wccks, bod1 gowt)i (wighi) and cocoon production w r c  dccrcascd (75 nnd 
85%) by 2000 ppm Cu, whilc 1000 ppm had no cflcct. 

Khillil ct ill. ( I  3%) mctrsurcd thc momlily and cocoon production of Aprrccrodca colt,ghxu 
whcn cspcKcd to v&ousconccnvaiions of cadmium. coppcr and zinc sutfatc in an Egyptian soil. Eight 
wccb  0 1 ' ~ s u r c  10 I00 pprn of coppcr Icd to a 3G'X dccrcxc in cccc-on producliou (NOEC - 50 ppm). 
Tosiciiy tcsts with misturcs of Lhc c0n~min;mfs IYCK also cunducm!, and it was concfudcd that Lhc tlircc 
mctills act ;mtagonistic:illy I thc conccnwntions tcstcd. 

Spurgcon and Hopkin (1995) invcstigaicd Ihc cffcct o f  coppcr (:IS nitntc) on suwivnl. growth, 
c m o n  production. rurd comon viability of Li,~cn/afirida in M OECD artificial soil. Il ic lowst EC50, 
GO1 ppm, \viis for grorowtli. Tlic invcstigtllors also studicd tlic tosicity of rnctiil-contnminntcd licld soils 
and an artificial soil contaminated with mulliplc mculs, 

NcuhnLLFcr cl id. [ 1985) uscd ihc OECD artificial soil (pH G) to cstimatc tCwI  of Cu (uddcd xi Cu 
nitroLC) for i1duiL/Lfitidu4 Ancr 14 days. llic LCw\ws G43 ppm Cu. 
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Spurgcon ct sl. (1994) kcpt adult l!, firrdu in contaminatcd OECD artificial soil (pH 6.3) for 
8 wccks to lcsl Lhc c ~ c c l s  of Cu (os Cu(N0,)J on sunk1 and go'owlli of llic csrlh\vorms, as dcscribcd 
for Cd. A k r  5 G  days, llic cnlculatcd LCso was 555 ppni, and tlic EC5,, for cocoon production w s  53,: 
PPm. 

Thc c ~ c c t s  of Cu addcd 10 horsc ni;uiun: (as coppcr acchtc) on F firkfu (initidly lcss t?an 2 \vccI;S 
old) $Viis invcstigntcd by Mnlccki CI al. (19x2). Two growth pcriods wcrc US&. 8 and 20 wccks. and 
swivnl, wight g in ,  and cccmn producuon wcrc mcnsurcd, Thc most scnsilivc pmmctcr wos cocoon 
production. In thc H-wock tat, 500 pprn Cu G I U ~  P 24% dccrc,w in cocoon produclion. ivhilc 300 pprn 
had no cffcct In thc 20.wcck tcsx 1000 ppm Cu ca~L;ccJ n 24% dccrcnsc in cocoon production. whilc 500 
ppm hod no cTl'cct 

Bcnbtsson ct el, (13HG) lookcd nt tlic cffcct5 of coppcr on Dcndrohacna rtthidu at dilrcrcnt aciditics 
in thc samc typc of cspcrimcnls dcscribcd Tor Cd, Ancr 4 months n~ p1-i 45 .  Lhc numlxr of cocoons 
produccd pcrworm, hatchlingdcocoon, and total numbcr of Iintclilings \vcrc rcduccd 70.64, imd 74%. 
rcspcctivcly, by IO0 pprn Cu. Lhc lowcst conccntrntion tcstcd. Thc pcrccnt hntchcd cocoons ivnq not 
Ilircclcd, AL pH 5.5, fhc numbcr of ~ocbons produccd pcr \vorm, hatchlingdcocoon, and pcrccnt hn1chcd 
~ o o n s ~ v c ~ c  rcduccd 96, 100. and 100%, rcspcctivcly. by 500 ppm Cu. wliilc 100 ppm had no cffcct. 
Thc tolilf numbcr ofhatchling \vas no1 drcctcd. At pH G,S, thc numkr  ofcocootis prduccd pcr \vorm. 
hntchlin@cocoon, and pcrccnt hi-dchcd cocoons \vcrc rcduccd 90, 100, and IOOYU, rcspcctivcty, by 500 
ppm Cu, whilc 100 pprn hiid no cffcct Thc total numbcr of Iintchlings \vas not affcctcd. 

In cspcrimcnts by van Gcstcl C L  al, (1991b) using Lhc snmc systcm dcscribcd prcviously btit wit11 
Cu (CuCI,) miscd homogcncously with Lhc OECD subsmtc, grou.lli of Lfitida was rcduccd ??'%I by 
100 ppm (32 ppm had no cflccl), Thc ECw for clitclln dcvclopmcnr (scsual dcvclopmcnt) \vas > I  00 ppm 
cu. 

In a study csrunining thc cflcck of soil factors on Cu tosicit? nnd upkkc, Ma ( 15x2) uscd ;I sandy 
loam soil (pH 72,8'% organic msttcr) spikcd with CuCI, to dctcrminc l l ic cffcc~s orCu on survival al' 
adul~/.irmbricits nrbtllrts. Aflcr 12 \vcc!is, 1000 ppm Cu causcd m %2% dccrcnsc in survival while 150 
ppm hod no cffcct 

Tlrc cffcct ofsoil organic ccvbon on toxicity of Cu (CuSO,) to llic cnrtliworm Ocrol~~siton cyanctrm 
was cvalunkd by Smit and J a g p  (l!lX3), Tlicy d c m i n c d  l l ic 14-dny LC, in il Brown soil, n Rcndzinn 
soil. wd a p a t  soil containing 3.2, 14, and 43% orpnic carbon. rcspcctkly. LC, conccntrdons WCR 
IHO, 850, and 2500 ppm, rcspcctivcly. 

van Rhcc ( 1975) tcstcd Llic cn'cc~s of II singlc conccnuation of Cu nddcd to n poldcr soil on body 
uvcighht. numbcr of cocoons produccd pcr \vcck, niortcllity ~d scsual dcvclopmcnt of AlloloQyh~ro 
caliginosa. Ancr GO days. numbcr of cocoons produccd \vu thc only rncuutz dfcckd; i t  dccrcoscd by 
27% in Lhc prcscncc of 1 IO ppni Cu. 

Using Lhc OECD artificial soil (pH 6 )  and 214y tcsl proccdurc, van Gcstcl ct nl. (19x9) lookcd 
at tlic cffcck of Cu (as CuCI,) on rcprductivc pxnmctcrs o f  adult fi, andvci. A h  21 days, cocoon 
production \vas dccrcascd ?6%1 !q thc addition of 1x0 ppm Cu to the subslrolc, wliilc 120 pprn had no 
cflcccct. Cocoon hatchability and numbcr ofjuvcnilcs per cocoon w r c  not affcctcd. 

Thc sublcthol clTcccct~ of Cu on L. rrrhcllrrs WIT invcstigoicd with xspcct to moi-tnlit?'. growlli, 
cocoon production, and litlcr brcilkdown activity (Ma, 19x4). Loamy sand field soil (S.7'!4 organic 
mattcr, pH 4.H). with Cu oddcd 11s CuCI:, \vas plnccd in bags willi lcof litlcr ;iddcd to thc top. In on 
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cspcrimcnt Insting G wccks, Ihr numbcr of cocoons produccd \viis dccrcoscd 4?% by 131 ppm 
(HNO,:H,SO, cstmctilblc), whilc 54 ppm had no clrcct. In anolllcr study using his soil will1 UIC pli 
adjustcd to bctwccn 4 8  and 7. I ,  Ma invcstigatcd at Ihc cffcct of acidity on tosicity of Cu (CuSO,,) 10 
L ntbchs gmvth and rcproduction. At pH 4.8, 14X ppm Cu rcsulkd in 326% dcc rcw in production 
(83 ppm had no clrcct), At pH 6, a 334 rcduction in cocoon production rcsulkd from 278 ppm Cu, 
whilc 14X ppm had no C ~ C C L  In o 6=wcck cspcrimcnt using: ;I cnlc;ucous sandy loam soil (pl-l 7.3. 
organic maucr 3,3'l/a), hhc numbcr of camns produccd IVLS diminislicd 3 I %, in culturcs to which 63 ppm 
Cu w r c  uddcd IIS CuCI2 (IS ppm had no clTcct), 

Tic  rclativc sensitivity of scvcral lumbricid crulliworms to Cu (CuCI,) crddcd to ;I silndJ',uoil (pH 
5 ,  organic mattcr 5%) \vas invcstignkd by Ma (19XH), E Q  for cocoon productiorl of I,, nrhcllrrs, 
Aporrcc(udw culigttosu. nnd Allolobophoru cirlororica wctc 122, 6X, and 5 I pprn Cu, 

Thc wok of Strcit and J o g p  (1983) and ollicrs h a w s  dial llic organic carbon conknt ofdic soil 
is a strong dctcrminnnt of h c  bioavailability and toSicily of coppcr, From the studics cikd. it nppcars 
that low pW hits a compounding cffcct, wilh an inctcuc in Cu nvailnbility resulting from morc acid 
conditions, Ovctdl. rcproduction is morc scnsitivc than moflulity, and Ilicrc is no consistcnt cvidcncc 
that onc gcnus of cadiworms is any lcss iolcranl IO Cu undcr o giwn sct of conditions dim nnollicr 
gcnus. 

"he bcnchmnrk for Cu \vu cslnblisllcd at GO ppm. Confidcncc in this bcnchmnrk is niadcntc, 

Lend. Bcngtsson ct 01, (13XG) c m i n c d  dic clTcct~ of lcad on Dcndrohacna m h r h  at diflcrcnt 
ociditics in thc samc ppc of cspcrimcnts as lhox dcscribd for Cd, Ancr 3 monlbs ;II pH 45 .  thc 
n u m b  ofcocoons produccd pfr worm, hstchlin&ocoon. iind pcrccnt llntchcd cocoons wcrc rcduccd 
75, 100, and IOO'X,, rcspcctivcly, by 500 ppm Pb, whilc 100 ppm had no c f f c c ~  At pH 5 3  ;Ind G.S. Pb 
had no cffcct at any lcvcl on my of Ihc mcosurcs, 

Spurgcon and Hopkin (1995) invcdgatcd d ~ c  cflcctof lcnd (as nitmtc) on sunlivnl. growlh. cocoon 
production. and cocoon viability ofE/scn/ufirrdu in an OECD artificial soil, Thc lowcst ECSO, 1629 
ppm was that for cocoon production. Thc invcstigators also studicd Ihc iosicity of mcwl-conbmina~cd 
ficld soils and nn artificial soil contaminated wih mulliplc metals. 

Spurgcon ct SI, (1394) kcpt adult E, firida in cotltaminntcd OECD anilicinl soil (pH 6.3) for 
8 wCck' to csminc  thc cffccls of Pb (a Pb@O,)J on sumivnl md bro\vlh of thc cidr\vomis 3s 
dcscribcd for Cd, A h 5 6  dap,  h c  colcul;ikd LC5, \VIIS 3760 ppm. atid llic EC, for cocoon production 
was 1950 ppm, 

The cffccccls o m  ddcd LO llorsc inmm (as lcnd a c c w )  on Efifiu'u was invcstipkd by Malccki 
ct ill, (1982). s dcscrikd a b v c  for Cd, Tic most scnsitivc pxmclcr  wm cocmn production. In tllc 8- 
wcck t c s ~  4000 ppm Pb causcd II 50% dccrcasc in cocoon production. whilc 2000 ppm had no cffccL 
In thc 20-wcck ICSL, SO00 ppm Pb causcd a 2X% dccrcasc in cocoon production, whilc 1000 ppm had 
no cffcct. 

Ncuhuuscr ct d. (1985) uscd hc OECD ,Utiliciol soil (pH G) to dctcrminc LC,, of  Pb (nddcd os Pb 
(YO,)] for adultE.fir/dula, Aflcr I4 days, thc LC, \viis cnlculud to bc 5941 ppm Pb. 

Nculiauscrctd, (1984) cvaluascd Ljlc cf 'fcc~~ ofsolublc forms ol'lcnd on growth and rcproduction 
of 1;. fiffdu as dcscribcd for Cd. Thc authors rcport hcir rcsults \villi poolcd dau from all forms of a 
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mcd.  Ancr G succks, cocwn production \VIIS dccrcmd 80% by SO00 ppni Pb. thc lowcs~ conccnmtion 
tcskd. Growth \vas not nffcctcd until 40,000 ppm \sns addcd lo thc subsuntc, 

A bcnchrnwk of500 ppm has bccn csltlblishcd for Pb b m d  on dic work of BcnL%son ct  at. (1986) 
which showcd inhibition of rcproduction at this conccntalion. Confidcncc in his knchmnrk is low 
bccausc of Lhc limitcd ,mount ofdirtu, 

Mercury. Abbasi and Soni (IgH3) workcd with Ocrochacrrrsn pcrrconr in n systcm dcscribcd 
prcviously for Cd. Thcy asscsscd tlic cll'ccl of Hg(l1). addcd as HgCL1 on sunh1 and rcproduclion. 
Survival nnd c~coon production wcrc rcduccd G5 and 40% ai O S  ppm Hg. thc lowcst conccntrdon 
tcstcd. Thc numbcr ofjuvcnilcs produccd w;ls not ilfl'ccicd, 

Tlic cffcct of mcdiyl mcrculy on survival and scgmcnt rcgcncratiun or6firrdu was invcstiptcd 
by Bcycr ct al. (198S), Mclliyl mcrcuy chloridc \vw irddcd to an undclincd potting soil in which drc 
cruthworms wcrc culturcd for 84 days, A conccnvation of 125 ppni Ilg rcduccd suwival by 2 I'!Gl and 
thc ability to rcgcncmtc csciscd scgncnis was rcduccd by 1994, Mcdiyl mcrcury at 2.5 ppm had no 
cfTcct 

I t  is nolpossiblc to cvduatc thc rclalivc toxicity of forms or Mg bscd  on Lhcsc two studics which 
uscd diffcrcnt systcms and cvaluakd two dilTcrcnt fmilics ofcartliwoms, 

A bcnchmwk of 0.1 ppm was cstclblishcd for Hg biucd on thc work of Abbasi and Soni 
( 1  9x3). A sdcty factor of 5 was applicd to thc 0.3 ppm LOEC bccnusc it causcd R 65% reduction in 
cartlnvom swivnl ,  Confidcncc in llh bcnchmntk is low kcausc of Ihc limitcd amounl of d m ,  

Nickel. Thc cffcctr ofNi (addcd to horn manun: asNi acctaic) on E f i ~ f d u  wch: invcstiplcd by 
Mdccki ct 01. (1982). RF dcscribcd for Cd. Thc mosi scnsitivc prvmcicr wa cocoon production. In L11c 
l(-wcck tcst 300 pprn Ni causcd n 41% dccrciw in cocoon production, wliilc 200 ppm had no cfl'cct. In 
thc 20-wcck tcst. 200 ppm Ei causcd a 23% dccrcasc in cocoon production. while 109 ppm had no 
crrcc'cct 

Ncuhau.fr ctal. (1985) u . d  thc OECD nnificial soil @I-] G) to dctcrminc LC, of Ni (uddcd ;IS Ni 
nitriltc) for odult E firrdu, After 13 days, chc LC, \vas calculnicd io bc 757 ppm Ni. 

h'cuhauscrct d. (19M) cvaluicd Ilic C~JCCLS of.wlublc fonns of nickcl on p w l h  and rcproduction 
Efiridu as dcscribcd for Cd. Thc authors rcpon tlicir rcsulk widi poolcd data from all forms of a metal. 
Aflcr G wcch. cocoon production \vas dccrcascd 33% by 2SO ppm Ni, dic lowcst concntmdon tcstcd. 
Growth  viis not afkctcd until 500 ppm w a s  oddcd to thc subsum. 

In II study m i n i n g  thc cffccts of soil factors on Ni toSicily and up~&c, Ma (1982) uscd n sandy 
loam soil (pH 7.3,X% organic mattcr) spiked wid1 NiCI: to dctcrminc thc clT'cck ofNi on survival of 
i.tdu1tLrrrnbncu.v nrhcllrrs, Ancr 12 \reeks. 1000 ppm Cd couscd a 3  1% dccrcnsc in survival whilc IS0 
ppm hnd no cffcct. 

A tcnchmrvk of 200 ppm has bccn cslablishcd for Ni buscd on thc work of Malccki et 111. ( 19x2) 
which showcd inhibition of rcproduction nl h i s  conccntntion. Confidcncc in this bcnclimark is  OW 
bccausc ortlic limitcd amount ofdirla, 

Selenium, Fischcr nnd Kosxorus (1992) tcstcd thc c ~ c c t s  of 77 ppm of sclcniuni (as sodium 
m h c )  on pwth ;md rcprcduction ofEhwrofirrrla whcn nddcd to a combination of pca~y marshland 

http://Ncuhau.fr
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soil and h o w  rnmurc (1: I ) ,  Numbcr of survivors and Ihcir livc mass and numbcr of cocoons produccd 
wcrc mcuurcd. Thc numbcr ofcocoons produccd pcr ~varm slrowcd llic Iiighcst xnsit ivip to sclcnium 
with a GPX rcduction at tlic tcst conccntmtion. 

Thc bcnchmxk of 70 ppm is bascd on his study, Conlidcncc in this bcnchrniuk is low. 

Zinc. van Gcstcl c l  al. ( I  993) cvaluatcd ttic cfl'cct of zinc nddcd as ZnCI, to OECD ndficiril soil 
(pH 6.2). on thc gmdi and rcprcduction ofX, undrct. T)IC numbcrs of cocoons and juvcnilcs produccd 
wcrc rcduccd 3 I and 42% by 5G0 ppm, whilc 320 ppm had no cffcct. Thc pcrccnt fcrtilc cocmns and 
n u m b  ofjuvcnilcs pcr rcrtilc cocoon wcrc not affcctcd until Zn was addcd io n conccnlradon of 1000 
ppm Zn, and pcrccni growth of individuals incrcmd with incrcxing Zn conccnuation. 

lihdil ct nl, ( I  396) rncasurcd tlic rnontllily and cocooii production of Aporrccrodcu culliginosa 
whcn csposcd to various conccnuations of cadmium, coppcr aid Anc sulfate in nn Egptinn soil. 
Esposurc to 303 ppm of zinc, thc lowcst conccnuation tcslcd, Icd to a 20% rcduction in cocoon 
production. Toxicity tstswith misturcs of thc conl;uninanis IVCR also conductcd, and it \vas concludcd 
h a t  thc thrcc mchls act imhgonistically at llic conanvations kstcd. 

Spurgcon and Hopkin (1995) invcstig;lld hc cfkctofzinc (as nitmtc) on survivnl. growth. cocoon 
production, and cocoon viability of ELscniofi'cr/da in an OECD ,artificial soil, The lowcst EC50, 1078 
ppm. was for mortality. For thc dcrivntion of thc bcnchmuk, thc LCSO was dividcd by 5 to givc a 
conccnmtion o f 2  I G ppni. T i c  ECSO for il growth clTcct \vas grcntcr llian 400 ppm. Thc invcstigators 
also studicd thc tosicity of mctihcontminatcd licld soils and nn artificial soil contaminated witli 
multiplc rnctals, 

Spurgcon and Hopkin (1996a) conduckd tosicity lcsts will1 zinc (as nitraic) and thrcc carlli\vorm 
spccics to dctcrminc whcthcr UIC cd iworm population distribution ncnr a smclicr could bc rclaicd to 
spxics scnsilivity to mcds. Tcs& wcrc conductcd in OECD artificial soil, Thc gowth rntcs of L'isrnla 
Jc'crdu imd Aporrcclwlca rosca wcrc rcduccd by 69% and 4X%, rcspcciivcly, following csposurc to 190 
ppin for21 days, tlrc lowcst conccntrntion kstcd. Thc swic conccnwion Icd IO a 32% dccrcasc in I)tc 
rak of cocoon production by Lrtmbricrrs nrbullus, Eflccts on othcr cndpoints tcstcd, such RS sunlivnl. 
pcrccntagc of krtilc cocoons, nnd ratc of production ofjwcnilcs, occunrd at highcr conccnvntions, 

Spurgcon and Hopkin (IWGb) uscd a rangc o f  mi ficin1 soils wid1 differing organic mrrttcr conlcnt 
and soil pH for ksts of ttic toxicity of zinc to Ei,scniafiticla, Thc EC5O conccntr:itions for cocoon 
production in soils wih of pH G,O and S%, 10% and 15% orgnnic niattcr wcrc 136,462, and 592 ppm, 
rcspcctivcly. Thc ECSO conccnmtions for cocoon production in soils orpli  6.0 and 5%. 10% rlnd 15% 
organic mattcr wcrc 199, 343. and 54% ppm, rcspcctivcly. Thc ECSO conccnmtions for cocoon 
production in soils of pH G,O and 5%, 10% and 15% organic mattcr wcrc 142, 1x9, and 230 ppm, 
rcspxtivcly. M o d i t y  \vas obscntcd at highcr conccnuadons, In llic rangc of pi4 and orgnnic mniicr in 
thc soils mtcd, a dccrcasc in pll and/or orpnic matlcr content of soils Icd to n lowcr tosic concentration 
of rjnc. 

Spurgcon ct at, (1994) kcpl adult E, fifidu in ccnLminntcd OECD nrtificiol .soil (pH G.3) for 
8 wccks to tcst thc crfccts ofZn (as Zn(N0,):) on sunkd and growth of thc c;uzliworms ;IS dcscribcd 
for Cd, A k r  5 1  days, tlic cnlculntcd LC,, \vas 745 ppm, md thc EC, for cocoon production was 276 
PPm. 
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Ncuhnuscrctnl. (1985) uscd llic OECD rvlilicial soil (pH G )  to dctcnninc LC, of Zn lnddcd as Zn 
(NO,,)] for adult E. firrda. Ancr IS days, ihc LC3(, \vas calculatcd to bc 6G2 pprn Zn. To dcrivc tlic 
bcnchmnrk, a conccntration of 132 pprn (GGYS) \vas uscd, 

van Rhcc (1975) tcstcd Lhc C ~ ~ C C I S  of onc conccntntion of Zn ( I IO0 ppm) nddcd to J poldcr soil 
on body wight, numbcr of cocoons produccd pcr wcck, mortality and scsunl dcvclopmcnt of 
Alloluhopltora cali,ryno.sa, Ancr GO days, tlicrc wns a 53% loss of body wcight and a12%1 incrcasc in 
momlity: clitellum dcvclopmcnt nnd c w w n  produciion WIT complctcly inlii bitcd, 

Ncuhnuarct d, (1984) cvnluatcd thc cffccts of solublc forms or d n c  on go\vtli and reproduction 
Bfiftda as dcscribcd for Cd. Tic aulhors rcpon hcir rcsulb witlt data poolcd from oll forms ot'a mctal. 
Afkr G wccks, cocoon production \ms dccrcnscd 50% by 2500 ppm Zn, whilc 1000 ppm hud no c f f c c ~  
Growth was not aflcctcd until SO00 pprn was nddcd to thc subsum. 

Thc cffcctsofZn iddcd to horsc tnnnurc (as zinc acchtc) on Efir lda was invcstigatcd by Mnlccki 
ct al. (1982), ils dcscribcd for Cd, Tlic mosi scnsiiivc parmctcr was cocoon production. In thc Hwcck 
tcs\ 2000 ppin Zn causcd D 30% dccrciwc in cocoon production, whilc 1000 ppm lind no CIY'CCL In Ihc 
20-wcck tcst, 5000 ppm Zn causcd a 53% dccmsc iii a m o n  production, wlrilc Z O O  ppm had no cffcct. 

A tcnchmnrk of 100 ?pin is cshblislicd for zinc. Tic  knchmvk is somcwhat low: than 
conccntriitiow at which cflccts haw bccn obscrvcd. Thc low conccnwntions includc: mcasurcs of cocoon 
production offi'lsmlafitldu in two rulificirrl soils (13C ppm. 142 ppm) (Spurgcon and Hopkin 133Gb) 
and 132 ppm, which is dic LCSO for Eiscnlafirrdu dividcd by 5 (Ncuhauxr ct al. 19x5). Thc authors 
havc modcratc confidcncc in his bcnchmxk. 

3.4.2 Orgnnic Compounds 

A small numbcr of rcscarch goups havc bccn conducting cspcrimcnu on thc tosicity of orgwic 
compounds and pc.uticidcs Lo carhvornis. As a rcsult, thcrc ;UT: a limitcd nunibcr of cspcrimcntal dcsibqs 
in usc. and data m moinly in thc form of L C d ,  Thc following nrvicw dcscriks tlic cspcrimcnhl dcsigns 
of lhc various goups: Lhc rcadcr is dircctcd io Appcndis A for complcic dah, 

Chlororrcetnmidc. V M  Gcslcl and van Dis (198%) cvnluatcd tlic cffccts ol'soil pH and organic 
m;lltcr wnknt on toSicily of chloroircchmidc to survival of adult L onu'rrcl. Thc LCr, (I4 d) in ;I sandy 
soil (1.7% organic mattcr) at pH 4, I and 7 was dctcmiincd, Clcarly, pM had nn cffcct in  tliis soil widi 
highcr LC,, valucs at pH 7, I n  tlic OECD adlicinl soil (7.7% organic niatlcr) at pH 7, tlic LC, \vas  
similar to that in tlic sandy soil at tlic snmc pH, It appears that diffcrcnccs in Ihc orgunic mattcrcontcnl 
in this m g c  wcrc not dcicrmining thc toxicity of his compound, 

Hcimbwh (1983) also uscd llic OECD llnilicitll soil (pk l7 )  to csaluatc thc clrccts of tliis compound 
on ilic survival o f 6 f i r i d a  ancr 28 days, Hc round an LCm of24 ppni, 

Thc cffcct of chloroacctamidc on po'owth and rcproduction ol'LfiIldu aflcr 56 days ol'gmvdi in 
horsc manurc was nsscsscd by Nculiauscr ;~'ld Callahan ( I W O ) ,  A conccntrdon of 500 ppm had no 
crcc t  on thc cnrtli\vorms, but IO00 pprn ceuscd 100% momlily. 

Thc LC,, valuc bciivccn IO and 18 (van Gcsicl and van Dis, 1988) \vas thc lowcst tosic 
coiiccnvauon of tlic fivc rcporzcd. A saf'cty factor of 5 wns applicd to L)ic Iowcr bound on Ihc Les, 10 
obtain thc benchmark or2 ppm chloroaccmidc, Cotilidcncc in this bcnciimark is low bccausc of tlic 
limitcd ~ n o u n t  of dah, 
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Xhloronnilinc, van Gcstcl and Ma (1393) invcstigatcd dic cffccls of soil pH and organic mattcr 
contcnton Lhc toxicity ofdiis compound 10 two c;uzIi\vomiTI'Is, 6 andrrt and L, r?thz/dJrs. In a sandy soil 
wilh pH 4 8  trnd 3,7% organic mattw. LCw velucs WIT lowcr for bod1 carthwom spccics dian it \vas 
in thc OECD artificial soil wilh pM 5,3 and %, 1% organic mattsr, Tic  tludiors concludc diaf with this 
nmow a m g c  of pH valucq it is likcly dial dic diffcrcncc in organic ni;illcr is rwponsiblc for thc rcsulk 

The LCw vnluc of 195 (van Gcstcl and Ma. 1993) was thc lowcst 10Sic conccnudon ol'dic four 
rcportcd. A snfcty faelor of 5 \vas applicd to this L C ,  to obtain dic bcnchmcrrk ot' 30 ppm 3- 
chlaroanilinc. Confidcncc in this bcnchmnrk is low. 

2,4Dichloronnilinc, van Gcslcl clal, (1389) uxd Lhc OECD artificial soil (pH G) w dclcrminc thc 
cU'ccls of this compound on growth Mid rcproddon ol'L a n h %  Ancr 2 I days, cocoon production \vas 
rcduccd 23% by 100 ppm, whilc 56 ppm hod no cflkct. Cocoon fcnility and number ofjuvcnilcs pcr 
cocoon wcrc not nflcctcd by conccntralions up to 1x0 ppm, thc liighcst conccnmlion tcstcd. 

van Gcstcl and Mn (1930) invcstigatcd thc cffccts of soil pH and orgunic milttcr coiilcnlon llrc 
toicily of this cornpound to hvo c;uzh~vorrns, E, andrcr and I, nrhrlbrs, Two sandy soils hid similar 
pH valucs (5,3 md 5-6) but difl'crcntorganic mattcr lcvcls (3.7 and G,  I%'', Thc OECD artificial soil had 
3 pH of 5.3 and % , I %  organic mattcr. A pcaty soil also uscd had a pl-l o f4  and organic mattcr coniclit 
of 15.6%, 7'hc LC, vducs for 24dichloroanilinc rnngcd from I45 to X24 ppm, with organic milttcr 
k ing  thc morc important dctcrminant o f  bioavailability of this compound within thc narrow pl i  nngc 
ofsoils uscd. 

Thc 100 pprn benchmark is bxcd on thc work of van Ccstcl CL nl. (19x9) which showcd inhibition 
of rcprodriction nt this conccnuation. This tcst cndpoint is choscn ns morc npproprialc thnn Icdiality 
(LC,). Coiilidcncc in llic bcnckmark is IOU* bcwusc of thc fcw data evailabtc, 

3,4Dichlororrnilinc, vlul Gcszcl and van Dis (1988) invcsljgatcd Ihc cffccts of soil pW and organic 
mnttcr conknt on thc bsicity of this compound to E, fith'u, A sandy soil {I .7oX organic mnttcr) was 
tcslcd at pW 3, I and 7, T i c  OECD rvtificid soil tiad n pl4 of 7 nnd 7.7% organic mattcr. Thc LC,, valucs 
m g c d  from 140 10 250 ppm incrcascd with incrcssing organic mnttcr conknt No difkrcncc rclslcd to 
pH was sccn in thc sandy soil, 

Thc LC,, valuc of 140 (van Gcstcl and van Dis, 19KX) was thc lowcst tosic conccnuadon ol'tlic 
thrcc rcportcd. A snlcty factor of 5 t v i u  applicd lo this LCw to obtain tlic bcnchmnrk of20 ppm 3.4- 
dichloronnilinc. Confidcncc in his bcnchmxk is low, 

24STtichlorosnilinc. van Gcstcl nnd MP (1993) cvaluatcd ljic CI'Y'CCLS orthis compound on l l ic 
carthwotms E. andrcl and L. nrbclltrs ;LS dcscnbcd for 3shloroanilinc. As was thc CUC for Uial 
compound, it  is likely that thc difTcrcncc in organic mnttcr is rcsponsiblc for thc rcsufts 

Thc lowcst LC,, vafuc of 134 dcrivcs from this work. A sercty faclor ofS \vas applicd to this LCw 
to obtain thc bcnchmnrk of20 ppm 2.4,S-~richloronnilinc. Confidcncc in his knchmnrk is low, 

233,6.Tctrrrchloro~rt~ilinc. van Gcstcl nnd Ma ( I  333) cvaluetcxl dic cffcc~q of tliis compound on 
thc cnrthworms E andrcl mdf, nrbrllus as dcscribcd for 3-chloronnilinc. Tncrc is not much dilkrcncc 
in thc rcsults undcr diffccrcnt pH and organic mnttCr conditions. and il is not clcnr !hat organic matlcr 
rrffccting tlic bioavnili~bility as in thc c a s  of 3-chloronnilinc and 2.4,S-uichloronnilinc. 
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Thc lowcst LC,valuc of 1 I6 ppm dcrivcs rrom this work. A safcty factor of 5 \ v u  npplicd to this 
LCM to obtiiin thc bcnchmnrk of20 ppni 2f,5.Gtc~nclilororuli1inc, Conlidcncc in lliis bcnchmtlrk is low. 

Pcntnchloroaniline. van Gcstcl and Ma (1993) cvduntcd dic cffccts of this compound on tlic 
c;lrzhwottns E. andrci and I,. nrbclltrs RS dcscribcd prcviously. Tticrc is considcrilblc dilTcrcncc in llic 
LC,s but no disccnriblc pattcm was cvidcnt b n d  on soil charactcristics or spccics of cndtworm tcstcd, 

Thc lowe57 LC,vnluc of H25 dcrivcs from this work. A safcly fnclor of 5 \vas npplicd to this LC, 
to obtain thc benchmark of 100 ppm pcnwchloronnilhc, Conlidcncc in h i s  bcnchrnuk is low. 

~.2-Dichloroprop~ne. Ncuhnuscr ct al, (13HG) uscd thc OECD nrtificial soil (pH 6 )  to ilsscss thc 
clTccts of this compound on survival of adults of Tow cnnliworms, Pcwonyx cxcmmc, E14ddh' 
crc,qcn/ac, Eiscniafirldo, mmd Allolohophora rrrhcrcttlaru. Thcy dctcrmincd thc LC, ancr 13 d a y  and 
found l c s  than two-fold diflcrcncc in scnsitivity among llic wornis; scnsitivity dccrcrrscd in Lhc ardcr 
P, cxcavatir.,.>li, fccida>A, iihcrcirlota>E, rtrgg'cnr or. 

Ncuhuuscr and Cnllahan (1990) invcstigatcd Ihc cffcci of this compound on browlji and 
reproduction ofl:',,/crrdu sncr SG days of.gowh in horjc mmurc. A conccntration of XO.800 ppm had 
no cffccton thc earthworms, but 92,300 ppm causcd 100% mortality, 

Thc LC5, valuc of 3880 (Ncuhauscr ct al., 1986) \vas thc IowcsL tosic conccntrntion of tlic fivc 
rcportcd, A sarcty factor of 5 \s'iIS npplicd lo his LCw to obhin thc benchmark of 700 ppm 1.1- 
dichloropropimc, Confidcncc in this bcnchmark is low, 

Dimcthylphthttlirtc, Nculiauscr ct do (19HG) uscd tho OECD artiliciiil soil (pH G) to ~SSCSS llic 
ciTccts orthis compound on survival of adults of four spccics of csnliwoms, os dcscribcd prcviously, 
Thc LC,,s aftcr 14 days showcd a Lhrcc-fold difl'crcncc in scnsitivity among tlx v;ons; scnsilivity 
dccrcclscd in thc ordcr P. cxcavarus>E ciqcniooE, /crlda>A, rrrhcrcrt!ara. 

Nculinuscr and C d l h  (190) cvaluakd llic cffcct of h i s  compound on growth nnd rcproduction 
of E. firitla aftcr 56 days of gowth in horsc manurc. A conccntr;ition of 47,200 ppm lind no cffcc~ on 
thc cnnh\voms. but 70,600 ppm cnuscd n G2'X rcduction in c w w n  production. 

Thc LCw valuc of lOG4 (Ncuhnuscr ct ai,. I9HG) was llic IOWCSL toxic conccnuation of thc Llircc 
rcportcd. A silfcty racior of 5 \ ~ n s  applicd io lh is  LC, to obtain thc benchmark of' 200 ppm 
dimcthylphlhelatc, Confidcncc in this bcnchmxk is low, 

Fluorcnc, Ncuhauwr ctal, (1986) used tlic OECD artificial soil (pH G )  10 ilsscss thc cffccu ofthis 
compound on survival of adults offour canliworms, as dcscribcd prcviously. T ic  LC,,s r ac r  13 days 
showcd littlc diffctcncc in scnsitivily among llic \vonns; sensitivity dccrcascd in thc ordcr 
P. cxcuvm.~*L. firtda>E, crrpnrac>A. nrhcrnrlara. 

, Ncuhnuscr and Callah;m (1990) invcstigatcd thc cffcct of this compound 011 growlli nnd 
rcproduction of E f i r / d a  aficr 5 G  days or growth in horsc manurc. A conccnmtion of SO0 ppm had no 
cffcct on thc crd iwoms,  but 750 ppm cnuscd a 49'%, reduction in cocoon production. 

Thc LC5(, valuc of 170 @cuhauxr ct al.. 1986) vas h c  lo\ucst tosic conccntration of llic five 
rcportcd, A safcty factor of 5 WIS rlpplicd IO this LC, to o b d n  llic bcnchmrvk of 30 ppm fluorenc, 
Confidcncc in this knctimrvk is Io\v. 
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Knitrosodiph~n~lnminc, Ncuhouscr ct d. (19XG) u x d  tlic OECD artificial soil (pH 6 )  to usscss 
thc cffccts of this conipound on survival of adulw ol' four mdiwornis, dcscribcd prcviously, Tlic 
LC,s nltcr 14 days showcd litdc diflcrcncc in scnsitivity among thc worms: scnsitivity dccrcascd in tllc 
ordcr 12 ctrpnius>P. cxcavnru.G-li. f i~/du>A. rtthcrcrilau. 

Ncuhalrscr and Callahan (1990) lookcd at thc cll'cct of his wnipound on growth and rcpduction 
ofE.fitidu &r 56 duys ofgrc~zli in horn mmurc, A conccntmlion of 1400 ppm (lowcst conccnlration 
tcskd) causcd n 37% rcduction in cocoon production. 

* The LC,, wluc 01' 109 flcuhauscr ct nl., 19XG) i v3s  dic Io\vcst toxic conccntrntion o f  thc (ivc 
rcportcd, A safcty factor of 5 was applicd to his LCw to obtain llic bcnchm;irk of 20 pprn 
N-niwosodiphcnylaminc. Confidcncc in his bcnclimsrk is low, 

Phcnol. Ncuhauscr ct nl. (1986) uscd OECD artificial soil (pH (I) to ~'ISCSS h c  cl'fccts o f  this 
compound on sunkd of ~ U I L S  of four spccics of cadiwornis, ils dcscribcd previously. Thc LCws ancr 
14 days showcd n lcss dlan dircc4old difl'crrncc in sensitivity antong llic tvorms; scnsiuviiy dccrcascd 
in thc ordcr E, crrgcniac>P. cxcovatrr.s>~,~tirla>A, rubcrrduru, 

Ncuhausct nnd Callahan (1990) asscsscd dic cffccccl of lhis compound on &rowlh md rcproduction 
ofLfirtdu &r 5G days ofgrowth in horsc manurc. A conccnhtion of 2900 ppm had no cffcct on h C  
cnrthworms, but 4900 ppm cnuscd a 26% rcduclion in cocoon production, 

Thc LC,, valuc of 188 (Ncuhauscr CI al,, 1986) \vas dic lowcst tosic eonccnlriition 01' thc live 
rcportcd, A snfcry factor of 5 \vas npplicd to this LCM to obtain Ihc bcnclunark of 50 ppni phcnol, 
Confidcncc in his bciichmnrk is low. 

4-Nitrophcnol. h'cuhauscr cl  nl, ( 1  9x6) uscd thc OECD artificial soil (pH G) to ~ISSCYS thc cffccls 
of this cclmpound on smivd ofndulls of four spccics of crullnvomis, as dcscribcd prcviously. Thc LC,,s 
n k r  14 days showcd littlc diffcrcncc in scnsitivity m o n g  thc worms; scnsitivity dccrcnscd in thc ordcr 
E, fitida>E, cirgcniuc>l'. cxcuvarrrs>A. r~rhcrarluta, 

Ncuhauscr and Calldian (1930) lookcd at thc cffcct or his compound on gro\di  and rcproduction 
of E firidu dlcr  5G days of growth in horsc manurc, A concentration of GOO ppm (LJic IowcsL 
conccnmtion tcstcd) causcd il W% rcduclion in cocoon production. 

Thc LC,,, valuc of 3N (Ncuhauscr ct nl , .  19x6) wns tlic lowcst tosic conccnuation 01' Ihc fivc 
rcpottcd. A sfcty factor of5 was applicd to Lhis LCw to oblilin dic knchmork o f7  ppm 4nitroplicnol. 
Confidciicc in this bcnchmvk is low, 

SChloroplrcnol, van Gcstcl and Ma (1390) invcstigatcd tlic cffccts ofsoil pH and organic mnitcr 
contcni on h c  toxicity of this compound to two canhworms, 1'2 undrci and I,. rrrbcl1rd.s. TWO sandy soils 
hod similar pH viilucs (5.3 nnd S A )  but dirfcrcnt organic mnttcr lcvcls ( 3 , t  and G. 1%). Thc OECD 
dficial  soil had a pll  of 5 3  and 8,1%1 organic matkr ,  A pcaty soil also uscd had a pH 01'5 and organic 
m a w  contcnt of 15,G'X. Thc LC,,, valucs rmgcd from 75 IO 633 ppm, with organic mattcr k i n g  Ihc 
morc important dcmninmt of bioi~ailobility of this compound witllin d ~ c  narrow pH rimgc of soils 
UXd. 

van Crcsr~l and Ma (1988) Iookcd st Lhu cffccu of this compound on survival ol'i,. rtihdhrs and E. 
trndrcr in two humic sand soils ofdiflcring orgnnic mattcr contcnt ( 3.7 and G. 1%) but similar pH (5 and 
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S,G), Thcsc invcstigerors found ;I dircc4old diffcrcncc bctwcn thc friglicst and JO\VCSL valucs with no 
strong kcnd in rclatjon IO cnrthu~orrn spccic!; or soil factors. 

Thc bcnchrn.uk for lhis compound hns k c n  cshblishcd ul IO ppni, Tlic LC3, 01'75 from thc work 
ofvan Gcslcl and Ma (1930) approsimutcs rlic lOdi pcrccnlilc. A s a f q  factor or5 was iIpplkd 10 this 
valuc 10 o b h n  Lhc bcnchmnrk, Confidcncc in his knchmiuk is low kcausc all 12 V;IIUCR of Ihc dnl;l 
sct arc LC,s, 

3,4-Dichioropticnol. van Gcstcl and Me (1330) invcstignlcd Uic cffccts of soil pH ;urd orgnnic 
miittcr contcnt on the tosicity of this compound to two cdiwornis, /Z. andrci and L. nrhcllrrs, as 
dcscribcd prcviously. Tlrc LC,valucs mgcd from 134 to 680 ppm, wih a trcnd o f  orgunic mattcr bcing 
morc i m p o m t  than pM as LI dctcnninnnt of bioavnilability for this compound. 

vun Gcszcl and Ma (19x8) ilsscsscd at llic cffccls oftliis compound on sunivnl o f  f nrhdfris and 
E nndm in LWO lrumic sand soils ofdilTcring organic rnnttcr contcnt but similar with rcspcct to pN, ns 
dcscribcd prcviously, Thm tvs about a thtrc-fold diffmncc bcnvccn thc highcst and lowest valucs with 
no strong trcnd in rclntion to c;uthworm spccics or soil fmors, 

Thc bcnchmark for his compound \vas cshblishcc! at 20 ppm. Thc  LC, of 134 from tlic work of 
van Gcstcl and Ma (1330) npprosimatcs thc 10th pcrccntilc, A safctv factor of 5 W;LS npplicd to this 
vduc 10 obtain dic benchmark, Confidcncc in lhis bcnchmvk is low Ixcausc dl 12 vducs arthc d a b  
sct arc LCG. 

24,5Trichlorophcnol, van Ccstcl and Ma (1330) invcstignkd tlic C~TCCLS of soil pH illid organic 
mirtkr contcnt on ttic rosiciiy o f  his compound to two carthworm spccics, E. andrci and I.. ruhdhts, 
as dcscribcd prcviously, Thc LCW O a l u c s  nngcd from 46 to X75 ppni, wkh a ucnd of organic milttcr 
k i n g  morc important tlian pH as a dckninant of bioavnilobiliiy within carlliwonn type, I:. undrcr 
nppcars LQ bc morc scnsitivc than L rtrhcllris to this compound, 

van Gcstcl and Ma (1388) uscsscd thc cffccrs of this compound on survival off, nthcdlrrs and 6 
andrrf in two humic sand soils of dill'cring organic tnattcr content but similar pW, as dcscrikd 
prcviou.ly. Thc LC, vnlucs rangcd from 52 lo 290 ppm. with a ucnd of orpnic mattcr k ing  thc morc 
important dctcrminunt of bioavailabilip within ciinl~worm iypc, E, utrdrci again appcars to bc morc 
xnsiuw 10 this compound Lhsn L. rrrhcllrr.~. 

Thc bcnchmiuk for diiscompound WLS cstablishcd n l  9 ppm, Tic LC, of 46 from Ihc work of van 
Ccstcl and Ma (IOBO) npprosimatcs h c  loth pcrccntilc. A safcly factor of 5 \~ns applicd to Illis valuc 
to obtain thc bcnclimuk. Confidcncc in Iliis bcnchmark is to\+' bcc;iusc a11 IZ valucs ol'thc dnLi SCL an: 
LC5& 

2.t,~Trichlorophenol. Ncuhnuscrct al, (1986) uscd thc OECD artificial soil (pH G) to xwss tlrc 
cfTccccts of this compound on survival of adulh of four cart.hworms, as dcscribcd prcviously. Thc LC,,,s 
A c r  14Ws showcd littlc diircrcncc in sensitivity among LJic worms; scnsiljvity dccrcciscd in thc ordcr 
E J h k l o P .  cxcavatimE# cirgl*niuc>A. rrrhercrtlara, 

Ncuhauscr and Cdlahnn (l93O) mscsscd hc cffcct o f  this compound on goivtli and rcprcduclion 
oflifitida nflcr56d;?vsofgo\rzli in liorsc milflurc. A conccntration of 100 ppm (lou.csr conccntrdon 
tcstcd) causcd a 2X'% rcduction in cocoon production, 

http://bcnchrn.uk
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Thc LC,, valuc of 5% (Nculisuscr ct al,. 13XG) was thc lowcst toxic conccnmtion of h c  iivc 
rcportcd, A safcty factor of 5 \vas applicd IO this LC,, to obhin Ihc knchmark of IO ppm far 2.46- 
uichlorophcnol. Conlidcncc in diis bcncliniiirk is low. 

2,3,4,STctr~chlorophenol, van GcstcI and Ma (ISSO) invcsligatcd h c  cffccts of soil p1.i and 
organic mattcr contcnt on thc tosicit]: ol'lhis compound to two cdiworms, E, andrcr and L. rrthcllir,s, 
os dcscribcd prcviously, Thc LC, vnIucs rangcd from I 17 to 875 ppm, with ;I trcnd ol'orgniiic mattcr 
bcing morc important that pl-l as i t  dctcrminimt of bionvrrilability wiBiin cartliworm spccics. E. ondrci 
nppcors to bc inorc scnsitivc than L rrrbcllirs to Ljiis cornpound, 

vnn Gcstcl nnd Ma (138H) lookcd ntthc cffcc~q of this compound on survival of I,. rrrhdlirs imd E 
undrcr in two humic sund soils ofdifl'cring organic m n t b '  conrcnl bul similw pli, as descrikcd 
previously, Thc LCmvalucs mgcd from 1 IG 10 828 ppm. with n trcnd ol'orgtlnic matlcr bcing Ihc niorc 
important dclcnninnnl of bionvaifrrbili1y within cuthworm typc, E, a n h i  again appcm io bc rnorc 
scnsitivc to this compound t h i n  t. nrhclfu,v, 

Thc LC,vduc of I I G (van Gcstcl nnd Ma, 1990) IV;LS thc lowcst tosic conccnuation of llic ciglil 
rcporlcd. A safcty factor of 5 \vas npplicd to diis LC,, to obtain thc bcnclimnrk of 20 ppm 2.3.4,5- 
tctrachlorophcnol. Conlidcncc in his k n c h m n r k  is low. 

Pcntr~chlor~opt~cnol. van Gcstcl md vm Dis (1988) invcstig;ikd llic cffccts of soil pki and organic 
mattcr contcnt on llic tosicity ol'tliis compound to E,/;.ridn. A sandy soil (1.7% orgnnic mattcr) 
kskd at p l i  3.1 nnd 7. Tlic OECD anificiul soil Iind n pl.1 of 7 and 7.7'%, organic muttcr. Thcrc was no 
strong trcnd rclalcd to orgimic miittcr. but thc Iiighcst LC, Occumd in t2ic morc ncid soil, 

Fiugcrdd ct ill, (1996) invcstignkd Ljic rolc of spccics, tcnipcralurc, and soil typc on cosicily of 
pcnl;lchlorophcnol lo c;diworms. Tic  rcscnrclicrs cstimaicd incipicnt fctlial lcvcls (ILLS), which dicy 
dclincd ns u timc-indcpcndcnt LCSO. i. c., an LC50 Llliit docs not chngc  if thc ICs1 is run for a longcr 
pcnod oftimc, Thc ILLS forfiiscnrafirlda grown for 14 days in an nrtilicitll soil n124'C or 1SoC wcrc 
37 ppm and 27 ppm, rcspcctivclp. Thc ILL for Elscniafifidu grown for 14 days in a cl;iy soil n~ 24OC 
\vas 72 pptn. Thc ILL for Ewnia  crigcniac PL 24OC \vas 168 ppni. Ltrmhricits tcrrcsrris grown at  ISOC 
had ~1 ILL of 131 ppm, 

van Gcstcl ct nl. (19x9) uscd Llic OECD nnificiul sail (pll (I) to dctcrminc tlic cffccL! of Lhis 
compound on Lhc g~o\vth md rcproduclion of I:, andrci, A k r  2 I days, pcrccnt cccoon hatching PUCCCSR 
\vas  rcduccd SO'% In, 32 ppm, whilc 10 ppm had no c f f c c ~  Cocoon production and n u m k r  ofjuvcnilcs 
pcr cocoon w r e  not affcctcd until 100 ppm \vas addcd. 

Hcimbsh (19x4) uxd llic OECD tlrlificiol soil (pH 7) IO cvnluatc llic cf"ccl~ of this compound on 
suwiv~ l  of Lf i t rdn ilncr 2x days, I-IC found M LC, of 87 ppm, 

van Gcstcl end Ma (1990) invcstigekd thc cflccts or soil pll and organic mnttcr contcnt on tlic 
toxicity of his compound lo two crulhworms, E, andrlri and L. nrhcllris. as dcxrhcd prcviously, Thc 
LC,, valucs rmngcd from 83 to 229% ppm, wid1 tlic higlicsl valuc occurrins in soil \vitli llic higlicst 
organic milticr contcnt for cnch cnlzliwom spccics, E, andrrl appcars io bc morc scnsitivc dian 1,. 
nrbcllirs to Lhis compound. 

van Gcstcl and Ma (19XX) invcsugatcd thc cffccu of h i s  compound on sunivul of 1,. nrbc!llrrs and 
E. a n h i  in two humic sand soils of diUcring organic molter contcnt but similar pH. ils dcsctikd 



3-16 

prcviously. nic LCw villucs nngcd from 34 to 1034 ppm. with no strong trcnd rclatcd to orgnnic rnaucr. 
E andrci nguin oppcnrs to bc morc scnsitivc to this compound tlian L nrhdrrs, 

Thc 10th pcrccntilc of llic data is about 30 ppm. A safcp factor of 5 is applicd to dic valuc to 
obtain thc bcnchmark of 6 ppm pcnbchloroplicnol, Confidcncc in his bcnclimnrk is low bccausc all but 
onc of Ihc 22 valucs in Ihc data sct wc L C g ,  

Chlorobenzcnc. van Gcstcl cl al. (1991b) invcstigatcd llic C~T'CCLS of soil pH and organic moitcr 
contcnt on the toxkity of this compound to two cadiworms spccics, E, andrrci and L. ntbrllirs, In  a 
sandy soil with pH 4.S and 3.7% organic mattcr and OECD arlilicial soil (pld 5.9 nnd X .  1% orgunic 
maltcr), LC,vducs WCK lo\w TorEfitida lhim for/, nrhclhr.~. Valucs rangcd from 240 to I 107 ppm. 

Thc LC,, valuc of 240 ( v u  Gcslcl et nl,, 1991 b) was llic lowcst tosic conccntntion of'tlic four 
rcportcd. A safcty fuctor of 5 was applicd KI this LCw io obtain thc knchmnrk of 40 ppm 
chlorobcnzcnc. Conlidcncc in this bcnchmxuk is low. 

1,4-Dichtorobcnzcnc. van Gcstcl et aI, (1991 b) invcsdgaicd l l ic cfl'ccts of soil pt-l und organic 
matlcrconlcnt on thc tozCicily of this compound to two c;Uth\vorms spccics. E. andrcr and L rtrhcllic.\*. 
In a sandy soil with pH 4.8 nnd 3.7% orgnnic m a t w  and thc OECD artificial soil (pH 5.9 and X. 1% 
organic mnttcr). LC,<, valucs wcrc lowcr in llic sail wid1 3 Iowct pcrccnhgc of organic rnnttcr. LC, 
valucs rangcd from 128 to GI5 ppm. 

Thc LC,, valuc of 128 (van Gcstcl ct al., 199 I b) wl?s llic Io\vcst tosic conccntmtion of thc four 
rcportcd. A safcty factor of 5 ivxi applicd to this LC, to obtain tlic bcnchmurk of 20 ppm 1 ,S. 
dichlorobcnxcnc. Coddcncc in his bcnclim;uk is low, 

12,STrichlorobcn~~nc. van Gcstcl and Ma (1990) invcstigatcd dic c f f c c ~  of soil pH and organic 
malm conlcnt on thc tosicity of tliis compound to two cnrtliworms spccics. E. undrcr ;md I, rrrhrltrrs, 
as dcscrikd prcviously, Thc LCw v;llucs rangcd from 1 I5 10 563 ppm. \villi thc liighcsl LC, occurring 
in soil wiIh thc hi&cstorg;lnic maitcrcontcnt. No lrcnd in scnsitiviiy of cndiworm spccics was cvidcnt, 

Thc LC,vnluc of I 15 (vm Gicstcl and Mn, 1990) ww Uic lowcst tosic conccnvntion of thc cight 
rcporkd. A safcly ractor of 5 was applicd io this LCw to obhin tlic bcnchmark of 20 ppm 1.2,:- 
trichlorobcnxnc, Confidcncc in this bcnchmark is Io\v bccaun of thc limitcd moiini of d a b  

I3,~Trictilorobcnzcne. Ncuhauscr ct al, (19K6) uscd thc OECD artificial soil (pl-l 6 )  io xscss 
thc cfl'ccts of his compound on s u n h l  of ndulls of four cnrthwonns spccics, as dcscribcd prcviously. 
Thc LC,$ dlcr 14 days sliowcd litllc diffcrcncc in scnsiuvity among Llic worms: sensitivity dcctcnscd 
in thc ordcr 6 crrg)cnracN? cxcava:rrs?L fcrlda>A. titbcrculora. 

Thc LCr,vduc of 127 ppm (Nculiawrct a],, 1986) \vas thc Iowcst tosic conccnvodon of thc four 
rcportcd, A silfcty factor of 5 was applicd to this LC, to obhin llic bcnchmark of 20 pprn 1,2,4- 
Lriclilorobcnxnc. Conlidcncc in this bcnchrnmk is low. 

1.t.3,~Tctr~~chlorobenzene. van GcsicI ct at. (1991b) invcstigntcd the cffccts of soil pl-l and 
organic mattcr contcnt on Lhc tosicity of his compound to two cnrtliwonns spccics, E. andrci and 
I- nrbellirs. In sandy soil with pH 4,X and 3.7% organic nrstlcr arid Ljic OECD miGcinl soil (pH 5.9 
and H, 1% organic mattcr), LCw valucs wcrc lowcr in llic .soil with lcss organic mnttcr. Thc LC%, volucs 
ranged from 75 to 223 ppm, 



Thc LCw viiluc of 75 (von Gcstcl et nl., 1391b) \vns Ihc fowcst tosic conccntrn&ion o l 'hc  livc 
rcponcd, A safct?, factor of S \vas npplicd to h is  LCw 10 obtain thc bcnchmvk 01' 10 pprn 1,2,3,4- 
tctnchlorobcwnc. Confidcncc in this bcnchmark is low. 

Pcntnchlorobcnrenc, van Gcstcl ct al, (1931a) invcsligntcd llic cll'ccb of soil pll and organic 
m a t e  contcnton Lhc tosicity of his compound to two c,diu*omis spccics, E andrci and I.. nihrlliis, 
udcmikc! prcviously, In a smdy soil and tlic OECD artificial soil, LC,, valucs wcrc lowcr in Ihc soil 
wiui a lowcr pcrccnogc ororganic mattcr. LCw valucs rnngcd from 72 to 223 ppm. 

Thc LC,, valuc of 1 15 (van Gcstcl ct 31.. I99 1 b) IVX dic lotvcst tosk conccnlnlion of thc four 
rcportcd, A snfcty factor of 5 \vas spplicd to Illis LC3u to obtain l l ic bcnchmork of 20 ppm 
pcnttrchlorobcn~~nc, Confidcncc in this bcnchmark is low, 

"itrobenzcne. Ncuhsuscr ct id, (1986) L L ! ~  Ihc OECD artificial soil (pH G) to WXSE Lhc cUccb 
of this compound on sunlivnl of adults of four cuthworms spccics. a dcscnbcd prcviously, Ttic LC,,,s 
ailcr 14 d q s  showcd litllc diffcrcncc in sensitivity nmong thc \vorms; xnsilivity dccrcnscd in thc ordcr 

cugcniae>liF firida>P, cxcavartrs>A. rzrhcrczr h a ,  

Thc LCw valuc of 22G (Ncuhnuscr CL al., 1986) was lfic lowcst tosic conccnvation ol'tlic four 
rcpartcd A d c t y  factor of 5 \vas applicd to this LCw to obain thc bcnchniark of 40 ppm nitrobcnmc. 
Confidcncc in this bcnchmark is low. 
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3. MICROBKAL WETEROTROPEIS AND PROCESSES 

4.1 IKTRODUCTION 

Soil microarpnisms play a critical rolc in nutricnt cycling. As primnn, consumers of soil organic 
matter, soil microbcs COnvCR nulricnk to plant-availoblc forms and scnic LIS il food sourcc for highcr 
trophic Icvcls. Tbc soil microbioh is a hclcrogcncous collcclion of highly adaptable organisms csploiting 
thc many m~cmniclia in thc soil. "liccffcct ofcontaniinants may bc to cliangc thc microbial: community 
stmcturc wiljiout ovcrdl changcs in thc ftinctional ability of I)ic community. Thc authors' isscssmcnt 
cndpoinf howcvcr. is microflora community functioning. This is mcnsurcd (IS cfl'ccts on C 
mincnlimtion. N transformation. and ctiiymc nctivitics. 

Littlc information is availnblc on thc mcclionisms o f  toxicity of conmiinnnu to soil 
mimrgmisms, Somc mcul ions mny inhibit cnqmc rcuctions by complcsing with cnqnic subsunics, 
combiningwith lhc prolcin activc g o u p  of lhc cnqmc, or reacting widi Ilic enqmc=subsvnic complcs 
(Jumii and Tabotabai, 1377). 

As with thc othcrs bcnchmarks, much of Llic vuiancc is duc to thc varinncc in soil clrxaclcristics 
hat iducncc toxicity. Thcsc charactcrisdcs conuol bionvailability to all soildwclling orgnnisms, with 
pM and organic mailcr contcnt k i n g  bmong diosc that arc vcry i m p o m n L  

4.2 MICROBE DATA SELECTIOK 

Tosic rcsponsc data wcrc collcctcd Tor inorganic clcmcnts and organic compounds. MC~!UITS oT 
cffccki ofsoil-bomc clicmicds on microorganisms includc bTO\t'th. rcspiralion. niuogcn lransibnnation 
rcnctions (dcniuification, mincralixiition. and nilrilictltion). C niincrali/;ltioir, P mincmlinition, 
cellulolytic activity. osidiltion of hyfrogcn g~s, olplia=glucosidasc synllicsis. and otlicr cn/smc nctivitics. 

Many cnqmcs that arc produccd by plants and niicroks can csist nnd function cstraccllularly in 
tbc soil Tor vuqing pcriods of timc, dcpcnding on soil micro-cnvirontncntl factors (T&iltbai. 19x2). 
For this reason, it may not bc nppropriatc to intcrprci nictrsurcd cfficcts of clicrrricels on soil c n q m  
activilics as rcprcscnhg ctfccts on soil microbial populations. Soil cnqmcs do, Iiowcvcr, givc valuabfc 
informulion about h c  functioning of tlic soil in orpnic maltcr dcbTiid&n, Thcsc cn.xymcs includc 
urcasc which c a t d y m  thc hydrolysis of urca to CO: and NH,; phosphauscs which cm.lyzc Lhc 
hydrolysis of pliospho cstcrs and anhydridcs; qlsulfalrrsc which cmly;lrs tlic hydrolysis of thc 
xylsulfatc ion; midasc, which cnti!lym llic hydrolysis o f  acid amidcs wid1 LJic rclctlw: of NM,: 
mylascs, cwymcs which camlyzc llic hydrolysis of smrch and glycogcn; and dchydrogcnoscs. a goup 
of cnvmcs which cahlyzc Ihc dchydrogcnation of many orgnnic compounds, Dchydrogcnwc activity 
is considcrcd by sonic to providc an ovcrall cstimntc of microbial activity. Nonc of thcsc activitics is 
acccptcd as ndcquak for characterizing h c  rcsponsc of tlic soil microbial community lo tosic svcss 
bcausc ofthc many soit and microbial factoru clff'ccting hcm at thc micm-cnvironnicni Ic\*cl. l-lowcvcr. 
it is ollcn thc casc diat bcnchmarks arc b w d  on thc cl"ccls ol'a clxmical on a sin& activity (c.g.. 
rcduction of pliosphausc activih) bccausc of hck or othcr data. 

Most ofthc rcsclvch wcd to cmblish bcnclimxks \vas conductcd in thc Iahratoty with naive soil 
microflora in small samplcs ofsoil or soiIAit1cr microcosms. Esposurc durations mnl;cd lioin onc and 
onc-half hours to onc imd onc=h;llryc;lrs. Tlic chcrnicals tcstcd wcrc miscd into dic soil in dic f'orni of 
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salts. Bacteria aclinomycclcs. Md fungi nrc includcd and cvnluatcd togcdicr. Tcsts conductcd in culturc 
mcdia ivc not includcd bccnusc Ihcy arc not dircctly rcicvanl IO dic soil cnvironmcnt. 

4.3 MICROBE DATA AKD BENCHMARK DERIVATION 

A shortrcvicw of thc avnilabic lilcreturc is discusscd in the following k s t  Dah arc surnmnriscd 
in Appcndix B, and bcnclimivks rn givcn in Tnblc 2, 

4.3.1 Inargrinic Chcmicds 

Aluminum, Thc cflccts of soil charactcristics on cffccls of AI (;IS AICI,) on arylsul~atllsc acuvily 
\vas cvaluotcd by AI-Khafaji and Tabaliibili j1979), Soils wcrc clioscn wid1 P rongc in pH. organic 
mnttcr, and clay contcnls ((3.2 IC 75;  53  to 10,G'X; 26 to 34'%), Air-dricd, sicvcd soil wnplcs  wcrc 
placcd in flasks with dic t a t  clicmicnl added in solution. Thc smplcs  wcrc incubatcd for 90 minulcs 
bcforc microbial activity was stoppcd nnd nlylsulfatxsc activity mcnsurcd, In all soils, P concciiwntion 
of 67s pprn AI rcduccd thc cnqmc activiry bctwccn 24 and 43'% Thc I C ~ L  inhibition occurrcd in dic 
soil with tlic higlicst conlcnls of organic m a w  and clay. 

Juma and Tabaubai (1977) uscd csscntinlly h c  s m c  sy.stcm and thrcc of thc s m c  soils 10 cvduatc 
~Iic clTcctsofscvcrnl mctals on soil acid and alMinc phosphnmc ;Ictivit.ics. Thrcc soils wcrc uscd to tcst 
cffwts and ucid phosphnmsc activity wilh pll .  orgnnic mattcr. and clay ranging from 5 . X  to 7 3 . 5 2  to 
1 I%, and 23 to 30%). Alkalinc phosphaksc nctivily was nolkstcd in thc most acid soil, For AI in a lorn 
soil (PH 5 8 ;  pcrccnt organic matter 5.2) acid pliosphrrtisc activity was rcduccd. and dknlinc 
phosphatasc activity \us rcduccd in anohcr loam soil (pH 7,4, pcrccnt organic mattcr 11)  by iI 
conccntdon of 675 ppm AI. Aluminum had no cflcct on Uic aclivity of cidicr cnqmc  in on elkalinc soil 
(pH 7.8, pcrccnt organic rnnttcr 7 4 ,  

Thc hchmnrk  of GOO pprn of AI was dcrivcd from thc prcviously dcscribcd studics. Confidcncc 
in thc bcnchmwk is low bccausc of thc limitcd cmounl and lypc ofdeb  avniloblc, 

Amnic, Juma and Tabmbei (1977) uscd thc sysrcrn dcsctibcd for AI 10 cvaluatc thc cffcck oftwo 
forms of As on soil acid and olkalinc phosplinbsc acdvitks. Arscnic (111) had no cflcct on acid 
phosplxhsc activity in my of dic thrcc soils, At ii conccntration of I H75 pprn As (lowcst conccnuntion 
tcstcd), acid phosphnwsc activity \VIIS rcduccd in n loam soil (pH 7,8; pcrccnl organic miitlcr 74). 
Arscnic (v> \ v i s  rnorc tosic than As(ll1) to bodi cnxyymc complcscs, Alkdinc and acid phospllabsc 
pctiviticswcrc rcduccd by as littlc as 187.5 ppm A s 0  (lowcst conccnlrntion tcstcd) in soils of pl-l 5.8 
to 7.4 and pcrccnt organic ninttcr 5.2 to 1 I ,  

Franhbcrgcr and Tabahbi ( 198 I )  invcstiptcd dic cffcct of As(lll) on midrrsc i d v i t y  in  dircc 
soils in shnkcr flnsk m y s  ns dcscribcd prcviously, Anct 2 1/2 lirs. nmidasc acljvily \vas rcduccd in all 
lhrcc soils, Activity \vas almost totally inhibikd in llrc soil with thc soils tcstcd wih  a l~wcst: 
coiiccntration of 1873 ppm. 

Thc ccfcclivc conccntration of t 87 ppiii (Frankcnbcrgcr and Tnbatab;ii, 19X 1) is thc lowcst of Llic 
cighht p a d .  Confidcncc in llic bcnchmvk of 100 ppm is low bccnusc of thc limitcd amount mid type 
of datii trvnilnblc, 

Barium, Thc influcncc of soil charactcristics on cn'ccl~ of Bn on arylsulfeksc activily \VJS 
cvaluatcd by AI-Khafnji and Tabatabtli (1379) using niclliods dcscribcd for AI, A rcduction in iicthip 
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\YPY mcawcd in only onc of thc four soils, h:\ving thc lo\vcst pkl and organic mattcr contcni. A 22% 
rcduction in activity \vas causcd by 3433 ppm Bn (only conccnvntion tcstcd), 

Thc bmchmsrk of 3000 ppm is bnscd on this study, Confidcncc in dic bcnchmark is low bccausc 
of Lhc limitcd amount of data availablc. 

Boron. Thc inllucncc ofsoil clinmctcrktics on cffccrs of B on .arylsulTala.sc activity \vas cvcrluntcd 
by Al=Klinfaji and Tabatabai (1377) using rnclliods dcscribcd Tor AI, Approsimotcly thc .smc dcgcc 
ofrcduction in activity was mcasurcd in all soils at 270 ppm, and at 27 ppm in J l o r n  (pl4 6.5. pcrccnl 
organic mam5.X) Tbcrc w s  no clciv rclationship bcbvccn mabniludc of  rcduction in ac:ivily and soil 
pH and organic mattcr, 

Juma and Tnbaubcli (1977 uscd LIic systcm dcscribcd for AI LO cvaluatc Ihc cffccis of B on soil 
acid and alkdinc phosphnhse activitics, Acid phosphatase activity wns not nffcctcd in tIic soil wid1 thc 
highcst pll. It \vas rcduccd in lltc othcr hvo soils at a concentration of 270 ppm. Alkaline phospllatcrsc 
activity was not ai'fcclcd by P in thc soils tcstcd. 

Thc cffcclivc conccnlntion of 27 ppm (AI-Khilfaji and Tabahbai. 1979) is Ihc lowcst of thc sis 
rcportcd. Conlidcncc in tlic knchniruk of20 ppm is lo\v bcc~usc of llic limitcd mount and typc ofdata 
availeblc. 

Ciidmium, Tic influcncc of soil chnnctcristics on CKCCL?; or  Cd on q lsu l fausc  activity wns 
cvdunrcd by ALKhafji and Tabntabai (1973) using mchods dcscribcd Tor AI. A rcduction in activity 
\ w a s  mcassurcd in ;d1 four soils (23 to SS%) at 2x 10 ppm Cd with thc gcntcst rcduction in thc soil with 
thc lowcsl clay contcnL 

Juma and Tabatabiri (1377) uscd the sysicm dcscribcd for AI to cvaluatc dic cffccfs ol'Cd on soil 
acid and nlkdinc pliosphnbsc activitics. Acid phosphntasc octivih ww rcduccd in all rlircc of Ihc soils 
(44 to 51%) et 2x10 ppm. Alknlinc phosphamc activity was rcduccd 27% in the loom soil at n 
concentration of 281 ppm and 72% at 2810 ppm in a clay loam soil in which this \vas tlx only 
conccntmtion tcs~cd. 

Wmm and Doclmm (1Wl) invcstigatcd short- and longtcrm cffccLs of mctclls on ,u?hlfatasc 
activity, iircm activity (Doclman and Hannstra, f WG), and total pliosphamc activity ( h i m e n  and 
Iimm 1989)by nalivc soil micronom in five sails (sand, sandy lomi. silt loam, clay, and sandy pa t )  
ofviuyingchmctcristics, Soil pl l  rnngcd from 7.7 to 4, organic m:ittcr contcnt frorn 1.6 to 12.X'%. and 
cloy from 2 to 60%. Mclnls wcrc addcd as salts to thc sicvcd soils in  flasks, and cnqmc  activity was 
mcrrsurcd ancr ir Gwcck or IH=mondt study. Rcsults IVCK rcpomd a!! EC,. In thc b w c c k  incubation 
study on thc cf'fccts of Cd, data from thc sandy loam soil wcrc not avililablc. Dub for tlic c!TcccCU on 
phosphamc activity wcrc also not avililablc for sandy pat. For 311 Llircc cnprnc sytcms. thc highcst 
ECdwcrc found in thc soil with thc liighcst clay contcnt (3520.9779, and 4360 ppm for a+kulfabsc. 
phosphatitsc. and UTCLSC nctivitinr. tcspcctivcly). TIC lowcst EC,s wcrc I XXH ppm for qlsulfahsc.  and 
840 and 340 ppm in the sand for phosp11al;rsc and urcm uctivitics. In thc IH-month study. dnh from 
Lhc sandy pat soil wcrc not nvuilablc for atylsulfotiisc and phosphilt;lsc. Tltc highcst EC,s wcrc ZO 
ppm in Ihc soil with thc highcst pH for phosphill;lsc. 30 ppm Cd in tlic sandy loam soil for UI'CBX, nnd 
121 ppm in thc sand (lowcst pH, organic mattcr. and clay) for x y l s u l l ' a h ~ .  

Thc cfkcls of scvcrd clcmcnki on dchydrogcnasc activity of  Ihc nalivc soil microIlom in D 

composiic soil samplc from tlic Rochy Mountain Arscnnl was rrsscsscd by Rogcrs and Li (19HS). Soil 
WDY nmcndcd will1 glucosc and nlfiilfa, with l l ic mclnl salts nddcd in solution. Aflcr 6 days. CI 
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conccntration of 30 ppm Cd (Iowcst conccntrntiori tcstcd), addcd as codmium nimtc. rcduccd 
dchydrogcnw activity by 47%. 

Lighthurt and Bond (197G) invcdgatcd dic ciTccccl~ of Cd (as CdCIJ nddcd IO P small (600 ml) soil 
and l ikr microcosm. Soil was homogcnixd and sicvcd and the overlying plant 13ucr l o y r  \VUF dcvcd. 
' n c  Cd (0,006 or 6 1  ppm Cd) \YM invoduccd into rhc microcosm by iiljccting an aqucaus solution into 
thc soil and litlcr wilh n syringc, Ancr 24 days, tlic nativc soil and littcr mictoflorn cshibitcd a 43% 
rcduction in rcspintion (0: uptikc) in microcosms inoculakd wilh G. I ppm Cd. 

Threshold lcvcls ofCd (as cadmium acctatc) for soil rcspiration of nativc mictoflorn in thrcc soils 
wcrc dctcrmincd by Rcbcr (19S9), Thc soils rmgcd in pH from 5.6 to 7, pcrccnt organic mnttcr 1.7 to 
2.6, pnd pcrccnt c l q  3.2 to 21.3, Thcrc \vas no clcar rclalionship bctwccn dicsc soil chnrnctcristics m d  
thc magnitudc of rcduction in soil rcspiration at thc conccnvations Icstcd. T i c  Iiighcn LOEC 
conccnurrtion (563 ppm) for Cd \vas nsmiatcd \villi llic soil conmining d ~ c  Iowcst pcrccnhgc of organic 
mattcr and thc lowst  pkt, 

Linng und Tabawbai (1977) invcsdgatcd llic cffccS of vwiow mcbls on N mincr;lli/Alion by nntivc 
soil microflora in four soils v;lrying in pH from G to 7.8, clay from 23 to 34%. aid organic mattcr contcnt 
from G to I 1%. Only onc conccntriiuon of cach nicml \vas tcstcd and \vas oddcd to the soil as n sa11 
solution. Cadmium rcduccd N mincnlization in two soils a1562 ppm but no relationship bchvccn soil 
chartlctcristics and c ~ c c t s  of Cd could tx disccmcd, 

Bollal; and Bmbw, (1973) cvaluakd dic cffccls o f  scvcrd rnctals on dcnitrificntion in autoclaved 
soil by thrcc spccics ofsoil-dwcllin~/Jscrrdumonu,~~ spccics of bockria andon dcnitrilicntion in sail by 
nntivc soif microflon. Thc silt lorn soil vvx nuloclavcd to kill dic majority of ik microflora, inoculntcd 
with individual niculs and bactcrial populations. and incubatcd 4 days undcr anaerobic condiuons. Tlic 
m c  soil was u'icd b dctcminc dic cff'~ccts of mchls on dcniuilication by dic nativc soil microflora nllcr 
21-day incubation undcr anacrobic conditions, In Ihc outoclavcd soil, two of dic hrcc Pscnd~~rnonos 
spccics had tcductions in acuvity at 50 ppm Cd. whilc tlic diird was morc scnsitivc to Llic tosic clTccts 
of this mcml (nnd Cu and Zn) on dcnilrificadon. The n a h c  soil populnlion in unnutoclnvcd soil \vas 
mom tolcrant of Ihc cd with rcduclions in activity at 100 ppm Cd. It is not clcar whcdxr diia diffcrcncc 
is duc lo changs in thc chcrnical nnd physical naturc ofthc sooil during autoclaving or to othcr organisms 
in thc natural soil bcing morc tolcrant to Cd. 

lihnn and Fmkland (I9M) uscd a dycd ccllophanc Glm tcchniquc to cvduotc tlic CITCCLS of Cd on 
ccllulolytic activity of nntivc soil microflorn in n Brown cadi  soil (pH 4G). Thc film w n y  cncnwd in 
nylon mcsh, buricd in Lhc pottcd soils conbining Cd addcd ns CdCI:, and nllowcd 10 cquilibratc for IS 
days. A k r  a furlhcr 30 days past Lhc equilibrium period, thc Glm \sas rcuicscd and annlyytd for dyc 
rclcclsc. A 3S'% rcduction in pcrccntccllulosc dccomposition wu mcasurcd in pob containing 100 ppin 
Cd. whilc 50 ppin had no cffcct 

Liglitlitrrt ct nl. (1977) cvnluatcd dic cffccls of 3 numbcr of rncitlls at sin& conccnuations on 
rapinlion ofntrtivc soil microflora in small conircrous rorcst soil/littcr microcosms, Mctsls in solulion 
form wcrc m i . d  into thc soil and IiUcrwhich wcrc lficn Iaycrcd in dic microcosm. Cadmium a t  920 ppm 
rcduccd rcspirntion 6 1o/u. 

In o study on dic cfl'ccts of Cd on N mincnli;rAtion and nitrification by nntivc soil microflora iii n 
modcnlcly ncid sail. Bcwlcy and SlooA~ (19x3) found N mincralimtion to bc unal'fcctcd by Cd lcvcls 
up to 1000 pprn, thc highcst conccntmtion tcstcd. Nitrification ivas rcduccd GZ% by 1000 ppm. 
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Thc cEkcki of Cd ils CdCI: on carbon and niuogcn mincrali/.uon and nitrogen msformaljons in 
alfdfa-,mcndcdsicvcd soil wcrc dctcrniincd by Sutcr and Sharplcs (19x4). Thc silt lo;im soil had n pN 
of4.7. At5 days, rcspintion \vas rcduccd by 20% at SO0 pprn, but at Intcr dntcs no signilicnnt Eduction 
occurred. Ammonia lcvcls \~crc  incmxd (by as much as a factor of 12) on days 22 to 53 at 50 ppm Cd 
and 1ughcr.Nitrntc Iwcls wcrc rcduccd by ~ 2 1 %  on dnys 25.32, and 39 at 50 ppm Cd and highcr. but 
on days 46 and 5.1 significant cffccls mcurrcd at only 100 pprn and higlicr. Tlic.~: rcsults suggcst dint 
niuiliauon is highly scnsitivc to Cd rclativc to C mincrdimtion nnd may bc chronically rcduccd at 50 
PPm- 

A bcnchmxk or20  ppm Cd \vas cnablislicd as thc 10th pcrccntilc of the 47 rcponcd cITccUvc 
vducs. Confidcncc in his bcnchmxk is high kcausc orthc rclativcly largc ,mounl o rdab  avnilnblc for 
il vtuicty of functional mcilsurcs. 

Chromium. Liung and Tnbnhbai (197'7) invcstigatcd thc cffiicts of various mculs on N 
mincrnlimlion by nativc soil microflora in four soils, as dcscribcd for Cd, Chromium(l1l) at 2GO ppin 
rcduccd N mincrihtion in Lhc soil conkining dic highcstoganic mattcr conknt This samc soil showed 
an cffcct of addcd Cu, 

Thc clrccls of Cr(1lI) on dchydtogcnuc sctivity of thc nalivc soil microflora in soil from thc Rocky 
Mountain Arscnal \ v is  ilsscsscd by Rogcrs and Li ( I  985) os dcscribcd prcviously for Cd. Anct 6 days. 
3 conccnmtion of 30 ppm Cr (Uic lowcst conccntration tcstcd) rcduccd dcliydrogcnilsc activity by S4'%. 

Juma and Tabnhbai (1977) uscd hc s y k m  dcscribcd for AI to ~\~alualc Ihc cffcct of Cr on soil acid 
and dkdinc phosphatac xljvitics, Acid and alkalinc phosphatxic activities wcrc flcctcd nt I635 ppnr 
in all thrcc soils to h u t  dic m c  dcgrcc, but grcatcr inhibition of alk:ilinc phosphntasc activity occutrcd 
in Ihc soil witli llic grcatcst conlcnt of organic mattcr and clay, 

Ross ct al. (1981) cvaluatcd thc rclathc tosicitics of fornis of Cr to rcspirnlion of niitivc soil 
microflora in a lorn and a snndy loam soil. ARcr 22 days, Cr ( I l l ) ,  tcstcd at only 100 ppm. causcd 
rcduclions in boll1 soilsof41 and 48%. A conccnkation of 10 ppm (thc lo\vcst conccntralion tcstcd) Cr 
(VI) ciluscd rcduclions in bolh soils (27 and 23%). In lliis cspcrimcnl, Cr(VI) \vas morc tosic llian 
Crflll) to soil rcspiration. 

Pmi and Comficld (1369. 13GY/1970) invcstigatcd llic cffccls orCr nddcd to n sandy lonm soil 
on niaogcn transformations by nativc soil microflora. In a 2l.dny cspcrimcnt (19G9). nifr5cadon \vas 
wcrcly inhibited at 1000 ppm Cr (addcd ;LS sulrittc salt), but \vas unaffcctcd at 100 ppm. In :m 8-wcck 
cspcrimcnt(196911970) widi S U C ~ S C  and ammonium nitratc oddcd to llic soil, nilrificnuon was not 
nffcckd by 10,000 ppm Cr, llic highcst conccntration tcstcd. Possiblc rcasons for Lhc diffcrcnccs in 
rcdts lor thc two scls of cspcritncnts MC diffcrcnccs in csposurc duralion and c~cccu  of mcndmcnb, 

Bhuiya and Comficld (1976) invcsdgatcd thc cffccts of scvcml mctills on N mincraliiatiort and 
nilriliciltion by nativc soil microflora in a snndy soil ilidiffcrcni pl4 IcvcIs, biclclls wcrc iiddcd to tlic soil 
as osidcs to achicvc a conccnkation of IO00 ppm, and llic pl4 wns adjustcd LO 7 (or lcfi at tlic n a m l  
pM G) bcforc n2-month cquilibration period, ARcr an additional 6 or 12 wccks past thc cquilibrium 
pcriod,N msfoimntion mwSurcsivcrc mndc, A h  6 wccks, both mincrdiution nnd nitrification ivcrc 
rcduccd by 1000 ppm Cr at pM 7, but not at pEI 6. Aflcr 12 \vccks, ncitlicr mincraliziltion nor 
nitrification \+'as dfcctcd by Cr at cillicr pH, 
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Thc cU'ccts of soil cliiuactcristics on tosicity of Cr to ilrylsulfatasc tlcliviiy \v iu  cvaluatcd by AI= 
Uafaji Md Tabclubai ( I  979) using mclhods dcscribcd for AI, Activity wxs rcduccd in 311 soils nt 1300 
pprn Cr. Mnpitudc of rcduction \ Y ~ S  invcrscly rclutcd LO soil organic C conlcnL 

Haanstrn and Doclman (1391) invcstigatcd short- and long=lcrrn cffccts of Cr on nplsulfatasc 
activity, u r c m  activity (Doclman end Haanstra, 1986). and total pIiosp1iat;lsc nctivity (Doclman and 
Haansua 1989) by n d v c  soil microflora in fivc soils, as dcsctibcd for Cd, In tlic G=wcck incubtilion 
study on Lhc cffcc~s ofCr, dnul from Uic silt lorn soil \vcrc not n\inil;lblc for nrylsulfatasc activity and 
not nvahblc from thc sandy loam soil for urcasc. l l ic  liighcsl EC,*q w r c  3203.55 12, and 4470 ppm, 
rcspcclivcly, for q l s u l f a t x ~ ,  phosphclw, ;uid UTC;LSC activitics found in diCTcrcnt soils, Tic lowcst was 
17 ppm in thc sand for iuylsulfatasc and I 170 and 490 ppm in  die clay for pliosplinrllsc and UrCiIx. In 
an 18-month study, thc liighcst E C d  \rwc 1738, 20020, nnd 1 I IO ppm Cr, rcspcchcly, for 
tuylsulfahsc, phosphiltac. and urcxx nctivitics found in di ffcrcnt soils, Tic  lowcst wcrc I2 and c 1 ppni 
in thc clay for arylsulfahsc and urcuc activitics and 2132 ppm in dic sandy loam for phosphahsc 
nctivity. 

Thc benchmark for Cr \+TIS cmblishcd at IO ppm kcausc dic 10th pcrccntilc lics bchvccn h c  EC, 
valucs of 12 nnd 15 ppm from thc work of I4aansm rmd h l m a n  (133 I ) *  Conlidcncc in this bcnchmark 
is high bccclusc of thc rclntivcly lnrgc nniount of d m  a~~ailablc for a varicty of f'unctional nicwms. 

Cobalt. Lighlhirtctnl. (1977) cvduntcd thc cffccts of Co 3t n singlc conccntration on rcspiration 
of nativc soil microflora in soil/liLtcr microcosms, as dcscribcd for Cd. Co at 1362 ppm rcduccd 
rcspi rn ti on 23'% 

I h c  bcnchrnxrk of 1000 ppm comcs from this study. Confidcncc in dic bcnchmark is low bccausc 
of thc limitcd mount  of d m  nvnilnblc. 

Coppcr, Liang ;md hbatabni (1977) invcdgatcd Ihc cf'fcctq of various mcwls on N mincraliAon 
by nativc soil microflora in four soils, as dcscribcd for Cd. Coppcr nt 520 pprn scvcrcly rcduccd N 
mincnlimiion in onc soil. Tliis snmc soil sliowcd an cffcctofeddcd Cr(ll1). 

Thc cffccl~ of Cu on dcliydrogcnisc ilctitJity of dic nntivc soil microflora in soil from tllc RocL? 
Mountnin Arscnnl IWS iwscsscd by Rogcrs and Li (13H3) using mcLhods d c x r i k d  for Cd. A 
conccnlrntion of 30 ppm Cu (thc IOWCSL conccnmlion tcslcd) Cu rcduccd dcliydrogcnasc activily by 
28%. 

Bollag nnd Bmba!sx (1979) cvillualcd tlic cfl'ccts of Cu on dcnivilicntion by tlircc spccics of soil- 
d\vcllingAcudor,monar spccics of bxtcria in auloclavcd soil and IJ>* notivc soil microflora, ;LS dcscribcd 
for Cd. In thc autoclaved sail, tlicrc wins a rangc of scnsitivitics of dic PscrrdfJmonas spccics 10 cu. 
LOECs rangcd from 10 (lowst conccnviltion Lcstcd) to 250 ppm (IiighcsL conccnlration kstcd), Thc 
organism most scnsitivc to thc cl'fccts of Cd and Zn wns also morc scnsilivc to thc tasic cffcctq of Cu 
on dcnitrificntion, Dcniuificntion by Ihc nnlivc soil population IVW rcduccd 34% by 250 ppm Cu. 

Thc cffccts of adding Cu. as CuSO,. to D sandy lorn sdjuskd 10 thrcc p1-i lcvcls OII N 
mincralimlion during ;I 21day incublition tvas asscsscd by Qutnislii and Cornficld (1973). 
Mincnlimtion wasdccrcnscd by 1000 ppm Cu at  all tlvcc pH Icvcls (5 .  I ,  5.9, w d  7.3) witti inhibitoF 
cffcct incrcnsing with dccrcasing pll from 39% to 100'%1. 

Prcmi tlnd Comficld (1959, 196911970) invcstigatcd thc cffccts ofscvcral mctclls nddcd to a sandy 
loam soil on nitrogcn wansformillions by nativc soil microflora, In a 21=day cspcrimcnt (IWJ), 
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nitrification \YM scvcrcly inhibitcd a t  10,000 pprn Cu, addcd   IS CuSO,,, but unilITcctcd at 1000 ppm. 
Coppcr ddcd in cxbonatc form \\'is incffcctivc at  10,000 ppm (liighcst conccntr:ition Icstcd). probably 
lxauw of llic incrcasc in soil pH c u x d  by oddition of  lliis form. In iw H-tvcck cspcrimcnt ( l96W 1370) 
with sucrosc and animonium nivatc addcd 10 thc soil, niltilicntion \vas docrcnscd nt 1000 pprn Cu but 
unflcctcd at 100 ppm. Possiblc reasons for llic dilTcrcnccs in rcsulu: bctwccn tlic t\vo cspcrinicnts an: 
diffcrcnccs in csposurc duntion and CMCCL~ of amcndmcnu. 

Bliuiya and Cornfield (1972) osscsscd tlic cffccu ofscvcnl mclals on C mincrdi;l,ltion by nntivc 
microflora in a wdy soil, with or without nddcd organic m;ittcr. MCLI~S wcrc addcd to thc soil as osidcs 
to nchicvc 3 conccnvadon of 1000 ppm and a small amount ofground ont svaw was nddcd to pnnof  
thc soil bcforc a2-rnondi cquilibration pcriod, Rncr a funhcr 12 wccks, soil rcspirndon \vas rcduccd in 
thc Cu-trcatcd soil will1 amcndmcnt buL not in tlic unamcndcd soil. 

Tlic influcncc of soil c h w i k n d c s  on cffccccu of Cu on ,uylsulrnmc activity ivns cvnlualcd by AI= 
Khafaji und Tabambai (1979) using mclliods dcscribcd prcviouslp for AI. In thc soil will1 thc liighcst pl-I 
( 7 4 ,  Cu had no cffcct, Alylsulfamc activity in llic ollicr llircc soils was rcduccd by Cu 31 n 
conccnvation of 1590 ppm, Rcductions wcrc llic lcilst scvcrc in llic soil having Uic higlicst organic 
cubon and clay contcnl. 

Juma and Tabntabai (1977) uscd thc system dcscribcd for AI to cvaluaic Lhc cffccts o r  two roims 
ofCu on soil acid and a1k;rlinc phosptrntisc activitics. Acid phospliatac uctivity was affcctcd by Cu(l) 
and Cu(l1) in nll tlircc soils about cqunlly 111 a conccntntion or I530 Cu (Io\ricst conccnuntion tcstcd). 
Thc pt.cst  rcduclion accurrcd in thc soil wih llic lowcst pH and llic Iowcst conlcnb of organic mattcr 
and cloy. Alkalinc pliosphstiisc tictivity \vas morc scnsilivc ta Cu(1) tliiln Cu(ll). 

Haunstra nnd Doclmcln ( I  99 I )  invcstigatcd short- and longlcm cffcc~s of Cu on clrylsulfaLw 
activity. urcasc activity (Doclman and Ilannsvn, 19XG). md tohl phosphalm activity ( h l m w  and 
Haansun, 19x9) for nalivc soil microflora in fivc soils, LIS dcscribcd for Cd, In Ihc G-ivcck study, data 
wcrc not avnilabtc for phospliatasc activity in llic sandy loam or for urcasc activity in tlic sift loam. Tlic 
highcsl EC,$ for ~ l s u l r a k s c  and pliosphabsc activilics (I4,94G and GI24 ppm) wus found in thc soil 
with Lhc highcst pii (silt lonm), Tlic highcst EC>,-, for urcwc nctivi1y (4200 ppm) was found i n  tlic soil 
with thc grcatcstcotilent of organic mnttcr ilnd Ihc lowcst pH (sandy pcal), Tlrc Iowcst EC,s. all found 
in thc sand. wcrc 390. 140, md ?GO ppni for ap1sulraL;Isc. phosphamsc. nnd urcac, In tlic 18-month 
incubation sxudy, Lhc highcst EC,s ivcrc GWG md 4200 pprn Cu in tlic soil with LIIC grcatcst pcrccnmgc 
organic rnaltcr for arylsulralasc and urcnsc ilcljvilics tlnd 2773 ppni for phospliahsc in tlic clay soil, 
Lowcst E C d  w r c  203, 170, niid 6x0 ppm in thc sand for nylsulfntasc. phosphntnsc, and ureasc 
activitics, tcspcctivcly. 

Thc c~ccccts of Cu (as CuCIJ on carbon and nilrogcn mincralidon and nilrogcn wmsformations 
in nlfdfa-amcndcd sicvcd soil wcrc dctcrmincd by Suer  and Sharplcs (lf)H3), Tlic silL loam soil had a 
pH of4.7. At 10 days, rci;pidon \vas rcduccd by 23'X at  100 ppm. but sipifcant  rcductions occurrcd 
at 500 pprn on days 3 and I4 and at 1000 ppm ori dl datcs. Ammonia conccntralion was dccrcascd 
signiGcimlly by 5X'XIon 61y4 and 1 1  at IO ppm. but tlicrc w s  no incrcasc orcffccts \vi& conccnwation 
on Lhosc datcs. and ammonia conccntnljons wcrc unchllngcd or incrcascd at lliosc conccnuations on Iatcr 
datcs, Ammonia conccnvations wcrc sipificunLly incrcascd n~ SUO and 1000 ppni from dny In  10 53. 
and a h  day 18 thcrc \r'crc rcplnr paltcms of incrming ammonia at incrcnsing Cu Icvcls. Nivatc Icvcls 
WCR rcduccd by 2 I % on day 4 nt a conccnlradon or I O  ppni, but not on lnrcr dales;. On day I 1 I nitmtc 
conccnualions wcrc significantly rcduccd to 50-1 000 ppm (bul incrcascd at IO ppm), and on days 1 H 
to 53, tlicy wcrc significantly rcduccd only at 500 and 1000 ppm Cu. Tlicsc rcsulu suggcst h t  



nitrillcution is highly scnsitivc to Cu. rclativc to C nnd N mincrelixition. If llic chronic rcsponsc is uscd 
as Ihc basis for tlic bcnchnimk. dic Llircshold for significnntcflcct! in this ICs1 is 500 ppm Cu. 

Thc bcnclmiark l'or Cu has bccn cstnblishcd ;it 100 ppni, Conlidcncc in diis bcnclimiirk is high, 

Fluoride. Thc cffccts of fluoridc, addcd as p o t m i u r n  fluoridc to poplnr litter. on nitrogcn and 
plrosphams rnincraliyiition by n;ilivc microflor;i ~n.5  invcsligilkd by van Wcnscm ilnd Adcma (193 I ) .  
Thc ncwly rnllcn (2 m o n h  old) litkr \vas nir-dricd, cut into small picccs, and rcwcttcd wid1 KF solutions 
o r v q i n g  conccntmtions, Aftcr 3 wccks, K mincralimtion \vas rcduccd 22% in lillcr acotcd with 32,; 
ppm F, thc lmvcstconccntrr\tion kstcd. Nitrogcn mincrdixalion was rcduccd 26% by 100.7 ppm, \vhilc 
32-3 ppm hud no cf'fcct 

Thc crfccts of F on dchydrogcnasc activity of Ilic nalivc soil microllorn in soil from thc Rwhy 
Mountain Arscnol was asscsscd by Rogcrs and Li (19x5) as dcscrikd prcviously for Cd. A 
conccntrntion of 5000 ppm F rcduccd dchydrogcnnsc activity by 20'!4 (3000 pprn lind no clTcct). 

Thc tosic conccnValion of 32 ppm (van N'cnscm and Adcma 199 I )  is Ihc lowcst of Llic two 
rcpartcd. Coniidcncc in h c  bcnchrnnrkof30 ppm is low bccausc of dic limited uiiount iind typc of data 
wnilablc. 

Iron. Liang nnd Tabahbai (1977) invcstigatcd thc cffccki of Fc on N mincralimtion by nativc soil 
microflora in foursoils. it! dcscribcd for Cd. Iron(ll1) rcduccd N mincralimtion in onc soil a1 230 ppm. 
This s m c  soil showcd an cflcct of addcd Cd, 

Thc influcncc ofsoit chxxtcristics on cl"ccts of Fc(lll) on nrylsulfabsc activity wns cv;l!lliltcd by 
Al-Khnf;di and Tabahbai (1979) as dcscribcd prcviously for AI. In dic soil with thc higlicst pH (7.6). 
Fc(ll1) lid no cflcccct Acljvity was rcduccd in all ollicr soils at 1338 ppm Fc, llic magni tudc o f  rcduction 
gcncrally was invcrscly rclutcd to soil pl.1. 

Juma md Tnbatitbni (1977) uscd h c  sytcm dcscribcd for AI to cvaluatc tlic cffccb of Fc(ll) and 
Fc(ll1) on soil acid and alkalinc phcspll;iw aclivilics. Iron(l1) rcduccd acid phospliatx5c activity at 1298 
ppm in only Ihc soil with llic lowcst pH and organic tnaltcr and clay contcnts, Iron(ll1) rcduccd activity 
to ii grcatcrdcpc in this soil and also in llic soil wid1 tlic sccond Iowcst p1.i @ u l  highcst organic mattcr 
and c l e  contcnts), Iron(ll) inliibitcd olkrrlinc pliosphaltlsc activity in onc of tlic soils kstcd and Fc(lll) 
in h c  soil in which bod1 forms of Fc itihibilcd ncid phosphabsc nclivity, 

Thc cflcctivc conccntration of 280 ppni (Limg and Tababbai, 1'177) is Ihc lowcst ol'thc nitic 
reporkd ConGdcncc in Lhc knclimnrk of200 ppm is low bcousc of dic limilcd amount and lypc ofdith 
nvniloblc, 

Liinthimum, Lighhrtct  :\I, (1977) cvduittcd die clTccts of Ln (as La&) at r7 single conccntration 
on respiration of nntivc soil microflora in soilnittcr microcosms, as dcschbcd for Cd. Aftcr 23 days, 
lanthanum a157 ppm rcdcccd rcspirntion by 22'%,. 

Thc benchmark ofSO ppm (AI-Khafaji and Tabilhbai, 1079) is bascd on h i s  work. Conlidcncc in 
thc benchmark is low bccausc of thc limikd amount o fdab  avnilnblc. 

kid. K h  ;md Fmiklmd (1984) uqd dycd cclloplianc film tcchniquc 10 c\'illuittC llic C!TCC& of 
Pb on ccllulolylic activity of nnlivc soil microflora in ;I Brown cndi soil (PI4 4.6). xi dcscribcd 
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prcviously for Cd, A 23% Eduction in perccnt ccllulosc dccomposihn WIS mcosurcd in pots containing 
1000 pprn Pb, whilc 500 ppm h x l  no c f fcc~  

Thc mcdiating influcncc ofclay on cflccccls: of Icad on sail rcspirillion \vas rrsscsscd f.y Dcbos;? ct al. 
(I9XS). Thc sandy loam soil [YA clay) \vw mcndcd will1 glucose and Pb acctatc in solution. Aflcr I5 
days, rcspiralion \VLS rcduccd 29'% by 10,000 pprn Pb (1000 ppm Itad no circct). In Lhc samc soil 
iuncndcd with citlicr 9%) by wight kidinitc or monmorillonik, Pb up io 10,000 ppm 11ud no cffccL 

Colc (1977) ascsscd thc c k c t s  of various cubohydratc additions and Pb compounds on aniylusc 
synthesis and activity by nalivc soil microflora in a silt lorn soil. Carbohydnks wcrc nddcd to dlc sail 
in wlu5on and Pb in dry salt form, With thc addition of glucosc and Icad ~ c m t c ,  amyl~se activity \VIIS 
morc scnsitivc tlim synthesis. \villi a 74% rcductior, ilt thc lo\vcw conccnrmhn tcskd (2000 pprn). Will1 
thc addition ofswh, rrmyluc clctivity \+as roduccd lcs. by PbCI: d m  will1 lcnd o c c ~ ~ t c  and lciid sulfntc, 
With drc uddition of lcnd accmtc, amylirsc activity \ v u  morc scnsitivc with the nddition ofsurch dim 
with ~ucosc. Colc also invcstigatcd the cil'cctof Pb acctatc on alpho=glucosidnsc synlhcsis and baclerhl 
populntion s i x ,  Both wcrc rcduccd by thc addition of 2000 ppm Pb (lowcsr concentration kstcd). 

Liang and Tnbirhbai (1977) invcstigstcd thc cflccts o f  Pb on N mincralimlion by nutisc soil 
microflora in four soils, as dcscribcd for Cd, Lcad rcduccd N mincrali;mtion in O I ~ C  soil at 1035 ppm, 
This snmc soil showcd an cffcctofaddcd Cd. 

Bhuigil and Cornficld (1972) asscsscd Ihc toxic cffccls of Pb on C mincnlimtion by nativc 
microflorn in a sandy soil, with or without addcd organic matkr, ns dcscribcd for Cu. Aftcr 12 ~vccks. 
soil rcspintion wils rcduccd in Lhc Pb=Wca&d soil ~ i t h o u t  oat s t n w ,  but not in thc sUa\v-imcndcd soil. 

Jumn and Tababbtli (1 977) uscd thc q s k m  dcscribcd for AI to cvduatc Lhc cUccts of nvo foniis 
or Pb (occtatc and nimtc) IO soil acid md dhlinc plrosphtrlrrsc activitics. Tlic two forms had cqunl cffccl 
on Mid phosp1mltrs;c ilcti\oiv ai 5 17s ppm and that only in the soil wid1 thc Iowcs~ pH and organic mattcr 
and clay conknts, Tl~cy had cqunl cffccts on alkalinc phosphatnsc activity at his conccnbstion in onc 
oflhc soils tcstcd, und only Pb acc1*7tc \VI inhibitory in thc soil widi h c  highest organic m a w  nnd clay 
conlcnls, 

Hnonstra and Doclman (1391) invcstigakd shorb and long-tcrni c f f c c ~  o f  P b  on aylsulfahsc 
activity. urcasc activity (Doclman and Maanswa, 19x6). and total pliosphamc activity (Doclnran and 
H;mnsi 19x9) by nativc soil microflorir in fivc soils. as dcscribcd for Cd. In thc G-wcck study an tlic 
cITccls of Pb, daw Gom Ihic sandy loam, clay, and sandy pcat soils wcrc not availiiblc for qlsulfat&sc, 
thc sand, smdy lorn and pcot for phosptimsc, and tlic sand for urcosc. Thc highcst EC,s for 
ilrylsulraw and phosphabsc activilics (913 and 1 I69 ppm) wcrc fourid in llic clay soil, T i c  llighcst 
EC,, for urcasc activity (7190 ppm) was found in lhc silt loam (highcst pli). Thc Iowcst wcrc X 2 W  
8 183, and 50 60 ppm Pb for aylsulfumsc, phosphatasc, and urcasc activitics, In llic IX-month study, 
dah from thc sandy patsoil wcrc noLavailablc for iq~lsulfatasc and pliospliam and from llrc clay and 
sandy lorn for phosphaksc, Thc highcst EC,! wcrc 12.41 1 ppm in llic soil wid1 thc higlicst clay for 
clrylsulljksc, 78,343 pprn for phosphamc in llic sand, and 81 30 in thc silt loam for urcnsc. Tlic lowcsl 
EC,,s wcrc 3004.7G04, and 1340 ppm, in diffcrcnt soils, 

Doclmm and Hannsm (l!l79) cvoluatcd Ihc cffccls of Pb on soil rcspiralion arid dchydrogcnasc 
activity in scvcral soils, Ancr 24 hours, respiration in a s w d  (pH 5,7, pcrccnl organic maltcr 3) {vas 
rcdurd by 750 ppm Pb, thc loivcsi conccnmtion tcslcd. Dcliydrogcnusc activity \+us not aJ?icctcd at this 
conccnlralion, ARcr 40 monllis, rcspirntion in Lhis mil was rcduccd to opprosimntcly llic simic dcgcc 
at I SUO ppm, Lhc I o w a  conccnwation tcstcd. Dchydrogcnasc activily was not cvaluatcd. In anotltcr 
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siidy soil. (pM 54,  pcrccnt organic mnttcr 6.7). dchydrogcnxc activity \ v x  scvcrcly inhibitcd by IS00 
ppm, but not nl750 ppm Pb nlkr 23 hours. Rcspirntion \ v w  not :ifTcccctcd n t  his conccntmtion. In a clay 
soil. dchydropnasc activity was inhibikd by 375 ppm, thc lowcst conccnvndon tcstcd. Rcspimtion wos 
not cvaluntcd 

Thc bcnchmmk of 900 ppm Pb is tlic 10th pcrccntilc o f  tlic 36 rcporttd cffcctivc vducs. Confidcncc 
in this bcnchmxk is high bccnusc of thc rchtivcly Iargc amount of dam available for a vnricty of 
functional mcnsurcs. 

Lithium, Lighthwtct 01. (1977) cvaluiitcd llic CITICC~S of Li at  n singlc concentration on rcspintion 
of nativc soil microflora in soil/littcr microcosms, as dcscribcd for Gl. Lilhium OL 17 ppm rcduccd 
rcspirntion 437'0, 

Thcc~cctivc conccntrntion of 10 ppin \vas dcrivcd from this study. Confidcncc in llic bcnclimlvk 
is low bccnusc of thc limikd amount of dim availablc, 

Mitngancse. Linng and Tnbntabni (1977) invcsligntcd llic cffccw of Mn on N mincrtllimlion by 
nativc soil microflori in foursoils, as dcscribcd for Cd. Mangmcsc PL 275 pprn rcduccd N mitrcnlimtion 
in onc soil, This w c  soil showcd an cffcciof nddcd Cd. 

Prcmi and Cornlicld (1969) invcstigntcd tlic cffccceb of Mn nddcd to a sandy 10.m soil on nilrogcn 
trwsformations by nutivc soil microflora, In a 21day cspcrimcnt, nitrification \viis ~ccvcrcly inhibited 
at 100 ppm, addcd as sulfolc salt, llic lowcstconccntration tcslcd. 

Jumn nnd Tabatabai (1977) uscd thc ystcm dcscribcd for AI to cvnluate the cflcct of Mn on soil 
acid and dht inc phosphaw octivilics. Acid phosphahsc activity \vas affcctcd at 1375 ppm only in UIC 
soil uilh thc Io\rcst pH and organic maim aid clay mnicnts. Alknlinc phosphntnsc activity was rcduccd 
in onc of thc soils tcstcd by tliis snmc canccntrrrdon, 

Tbc cffcctivc conccnlntion of 100 ppm (Prcmi md Comficld, 1N9) ~Iic lowcst of thc four rcpartcd. 
Confidcncc in tlic bcnchmark of 100 ppm is low bccausc of tlic limitcd moun t  md wpc of dat;l 
availablc, 

Mercury, van Fansscn (1373) invcslignkd Lhc clTccu of an inorganic and M organic mcrcur?, 
compound on N mincrdixdion and nilrificadon by nativc soil microflora in two alkaline soils: n dunc 
sand with 2% organic m a w  and il mix ofnvo clay soils wilh G% organic m a i m  Littlc information was 
providcd conccming Lhc mpcrirncnml dcsig.  In thc c l p  soil, bolh NgCI: nnd phcnylrncrcury ncchlc 
rcduccd nitrification at IO0 ppm Hg ( I  0 ppm had no cfTcct), but dic orgnnic form \vas morc inhibitory 
thnn Lhc inorganic form. Mincnlizdon ivas no1 offcclcd by thc inorganic form but wm dccrcascd by 
phcnyhcrcun, ncckik, In Lhc dunc sand. EIgCI, scvcrcly rcduccd nitrifiw~on 31 100 ppm (IO ppm hod 
no cflcct) and plicnylmcrcury acc~ilc rcduccd nitrificiidon at 10 ppm Hg (lowcst conccnntntion tcstcd), 
Mincnlimrion \vas not affcctcd by Lhc organic form b u t w s  dccrcascd by HgCI, at 100 pprn Hg. This 
work indicam that tlic rclnlivc loxicity of various forms of Hg can bc influcnccd by soil chmctcristics. 

h d n  and Fang (1978) invcstigolcd tlic clTccls ormcrcuric chloridc (up to 100 ppm Kg) on carbon 
mincmli~~tion by nauvc soil microflora in Iivc agriculturnl topsoils varying in pW and organic m m r  
conmL Thc magnitude of cflccts vxicd gcally among thc sails and wctc not rclatcd to tliosc two soil 
chmctcristics, ElYiiti mgcd froni an 87% rcduclion at 0.1 pprn (llic Iowcst concentration mtcd) in onc 
of Lhc soils to no cflcct nt 100 ppm in mothcr soil. 
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Bmnncr and Dough (1971) cvaluatcd tlic CITCCCCU of .wcral mckls 011 ufcilsc activity in two soils 
w i h  similar pH, organic matlcr, and clay contcni ctimckristics, hkh l s  wcrc addcd individually in 
solution nt a conccntrntion ofS0 pprn, and u r c m  activity I+W dctcrmincd nRcr 5 hours. Mcrcury, nddcd 
cithcr as tlic chloridc or sulfirtc  sal^ dccrcmcd urcasc activity by 3G LO 42% in bodi soils, 

Liang and Tabakbai (1977) invcstigatcd tlic cfl'ccw or Hg on N mincralimtion by nrrtivc soil 
microDon in foursoils, ns dcscribcd Tor Cd. Mcrcup rcduccd N mincrdixation in all soils at 1003 ppm. 
Thc ~ ~ ( I L C S L  mapitudc of thc toxic cffcct \vas Sccn in thc soil having dic lowcst pH and organic mnttcr 
and clay conlcnts. 

Thc influcncc ofsoil chmctcrisrjcs on cffccccls of 1.16 on .xyIsulfaL;ISc activity w3s cvdualcd by Al- 
Khdnji and Tabatabai (1979) as dcscribcd prcviously Tor AI. In two soils lcstcd with n lowcsl 
conccntrrrlion of502 ppm, qlsulTatxsc oclivity \ v u  p c d y  rcduccd. In thc two soils tcstcd with a lo\vcst 
conccnwion of 50 I5 ppm. arylsulfatxc activity was inhibitcd almost totally. No clcar diffcrcnccs 
bctwccn thc soils with rcgxd to clfccts on tosicity of Hg could bc disccmcd. 

Frmkcnbcrgcr and Tabatnbni (1981) invcstigatcd h c  cflcct of 1.1~: on , m i d m  activity in tlircc soils 
in sh,Acr f l a k  OSSilyS as dcscribcd prcviously, A k r  2 I12 hours, arnidasc activity was rcduccd in all 
llircc soils nt 5015 pprn. Thc p a t c s t  rcduclion occurrcd in thc soil with thc lowcst pH and organic 
m a w  and cloy contcnk 

Juma and Tabattlbai (1977) uscd Lhc systcm dcscribcd for AI to cvoluatc h c  clliccl of Hg on soil 
acid and dlkillinc pho.Fphaw activitics. Acid and alknlinc phosphahsc activitics ~ v c r c  affcctcd at 50 15 
ppm in all thrcc soils to about thc m n c  dcgrcc, 

Thc knchmark of30 ppm Hg is dic lolh ixrccntilc of tlrc 27 rcponcd cflcctivc valucs, Confidcncc 
in this bcnchmuk is high bccnusc of Ihc rclativcly largc mount  of data avililablc for n viuicty of 
functional tncisurcs, 

Molybdcnurn, Liimgtlnd Tnbakbai (1977) invcstiptcd thc crfccls of Mo on 1\: mincr;rlidon by 
nadvc soil microflora in foursoils, iu dcscribcd for Cd, Molybdcnurn rcduccd N mincmli;rJtion in Uircc 
of Lhc soils at 480 ppm. No tosic cffcct ws Sccn in lfic soil having Ihc lowcs~ p1-I and organic milttcr and 
clay contcnk Yo clcar relalionship bchvccn soil characlcristics and magnitude o f c l k t s  of Ma could 
bc disccmcd. 

Thc influcncc of  soil chimctcristics on CITCCLY of Mo on arylsulfitmc activity was cvnluatcd by Al- 
finfaji and Tclbnhbai (1979) as dcscribcd prcviously for AI, In thc soil with thc highcst clny and organic 
matter contents. Mo had no cffcct, Activity was scvcrcly rcduccd at 2398 ppnt (lowcst concentration 
tcstcd) in thc soil with l l ic Iowcst pH w d  organic mattcrcontcnL It is possiblc thnt nctivily in diis soil 
would hnvc bccn inhibitcd to n somcwhat tcsscr dcgrcc by 240 ppm Mo. as it \vu in tlic two rcmnining 
soils. 

Juma ;urd Tabakbai (1977) uscd Ihc systcm dcscribcd for AI to c\*alun~c thc cKcct of Mo on soil 
acid and dhl inc phosphamc ;iclivitics. Acid pliosphirtzlsc activity in a11 tlircc soils \vas rcduccd at 2398 
ppm. In Lhc soil widi tlic lowcst pH. and organic mattcr and clay contcnu, it \VIIS also inhibitcd a1 240 
pprn Mo. AIkalinc pho;phaksc activity in both soils icslcd was rcduccd about thc s:mc dcgcc i1t lhis 
conccn tm tion. 

Thc bcnchmiuk for Mo \ v u  cstablishcd nt 200 pprn btrscd on Lhc work of Al-KhaT;lji and Tnbntabni 
(1979). Confidcncc in this knchrnark is rnodcratc. 
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Nickel, Thc cFccLsofKi. as nickcl sull'n~c, on dclrydrogcnnsc nctivily of llic nativc soil microflora 
in soil from thc Rmhy Mounlrrjn Arscnal wns llsscsscd by Rogcrs and Li (1985) ils dcscribcd prcviously 
for Cd. AItcr G days. il conccnmtion of ZO ppm (lowcst conccnlrntion tcstcd) Ni rcduccd dchydrogcnxx 
activity by 39%. 

Bnbich and Stol;rJiy (1982) cvaluil~cd llic clTccts of two forms o fNi  on myccliul brO\dl ratC ora 
number of soil-d\siclling fungi inoculatcd individudly into auloclavcd sandy lonm soil. Tic 
conccntradons ut  whicli growth \vw rcduccd rtvlgcd from SO to 750 ppm for Ni (nddcd in chloridc or 
suiratc rim), 

Giishuddin and Comlicld nscsscd ltic cffcct ofNi rrddcd in osidc ( I  979) and sull'atc ( I  975) forms 
on N and C mincnlinilion by ni~livc soil microflora in e sandy soil, Thc mchl sal& ~vcrc niiscd into llic 
soil in  dry form. A k r  32 days incubation, soil rcspirirtion (C niincmlimtion) WLS rcduccd in soil 
condning 10 ppmNi from Ni sulfatc (lowcst conccntretion tcstcd), and N mincrnlimtion W;IS aTTcctcd 
a t  100 ppm. Soil tcspirotion \vas rcduccd in soil conhining 50 ppm Xi from Ni osidc (lowst 
conccntration kskd). and N mincraliution \vas  affcctcd st 1000 ppm. Bccnusc orllic tcsi conccntrdons 
uscd, it is diflcult to LWSS h c  rclstivc toxicity ofhcsc two forms of Ni to C mincnliution, Whcn llic 
soil pM was niscd to Gas) (from its normal 5,3), soil rcspiration was rcduccd in soil conhining 250 ppm 
Ni from Ni osidc (lowcst conccnuntion kstcd), and N mincralimtion \vas  dfcctcd at 1000 ppm. Tlrc 
crfcct of Ni from Ni sulfatc \vas not tcstcd nt thc highcr pH. Raising Ihc pH appcsrcd to aflcct soil 
rcspiration but not N mincralizalion, 

Bhuiya and Cornficld ( 1974) asasscd Ilic clTccts of Ni on C mincn l i~~uon  by ntltivc microllom 
in a sandy soil. wih or wihoul added organic mntlcr, as dcscribcd for Cu. Ancr 12 wcks ,  soil 
rcspiration was rcduccd in thc Ki=uc;llcd soil with or williout oat strew, but to a grcatcr dcgcc in thc 
straw-amcndcd soil, 

Tic influcncc ofsoil chrvnctcristics on c f f c c ~  of Ni on q l s u l f a ~ ; ~ s c  eaivity \vas cvdwtcd b>t AI- 
Khilfeji und Tnbnhbui (1979) as dcscribcd prcviously for AI, In only onc soil \vas tlic highcst 
conccntntion tcstcd. l4GR ppm, found IO rcducc nrylsulf'iljltlsc activity. This soil lind thc lowcst pH and 
organic mattcr contcnt of thc four soils tcstcd, 

Jum nnd Tabalabni (1977) uscd thc sytcrn dcsnbcd for AI IO waluntc llic cffcc~ of Ni on soil ncid 
and nkdinc phos-phnttlsc aclivitics. Acid phosphntasc activity \vas t i o ~  affcctcd at l4GX ppm only in llic 
soil wilh thc highcst pH. Alkdinc phosphatase activity \vas rcduccd in onc of Lhc soils tcstcd by this 
samc conccntretion, 

Haanstre and Doclman (133 I )  invcstigalcd short- and long-tcmi cffccts of Ni on ap-Isulfa~3sc 
activity, urcasc activity (Doclman and I-Iaansva, 19XG), and tobl pliospheux uctivily (Doclman and 
Htl3nstr;l. 1983) by nativc soil microflora in fivc soils, as dcscribcd for Cd. In  thc G-wcck study on tlic 
cffccts of Ni, data from thc sandy p a t  soil wcrc not availnblc for ; u y l s u l ~ ~ ~ s c  and pliosphaUsc 
activitics. Thc highcst ECws (56.53, G516, and 3380 ppm for ;~rylsuIftlwc, pliosphatasc. and urcasc 
activities) wcrc found in thc soil will1 thc highcst clay conlcnt Tlic Iowcst w r c  21 19, 1109, nnd 100 
ppm, for qlsulfaw, plrosphatilsc, nnd urci~sc acbvitics found in h c  snnd. In dic 18-month study, data 
Crom thc sandy loam soil tvcrc not availablc for ruylsulfa~uc activity nor from clay und sandy p a l  for 
phosphiltasc xtivitics. Tic  higlicst EC5$ wcrc 8101, 8042, and 7,790 ppm Ni for arylsulfnhsc, 
phosphntiisc, nnd urm activilics in diffmntsoils. Thc Iowcst LC4,92,7G9, and 370 pptn, wcrc found 
in thc sand, 
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A k n c h m d  or90 ppm Ni \vu cstclblishcd bascd on Ilic SG rcponcd cflcclivc \dues, Confidcncc 
in this bcnchrnnrk is high bccausc of llic rclativcly large amount of dah  availoblc for 3 wricty of 
functional mcxures, 

Stlcnium. Lighhf i  CL al. ( I  977) cvaluatcd tlic cffcc~s of using mclliods n~ n singic conccnktion 
on rcspimdon of notivc soil microflora in soil/littcr microcosms, as dcscribcd for Cd. Sclcniurn a t  384 
ppm rcduccd rcspinuon 43% 

"lic influcnccofmil chmctcristics on cffcc~s of Sc on qlsulfatnsc activity was cvtllualcd by Al- 
Khdtlji and Tabnltlbni (1979) as dcscrikd prcviously for AI, In tlic soil with hc lowest clay contcnl 
activity \ v u  lrduccd by 198 ppm, In thc ohm soils, arylsulhlasc actittity \ v a  rcduccd by I975 ppm widi 
thc gcatcst rcduction in h c  soil with Lhc lowcst pM and organic mattcr contcnt. 

Fmkcnbcrgcr and Tabaubai (19Ill) invcsligatcd tlic cflcct of Sc on anidclsc nctivity in lhrcc soils 
in shakcr=flilsli x m y s  LIS dcscrikd prcviously. M e r  2 l / 2  hours, m i d a x  activity was reduccd in only 
onc soil at 1975 ppm, This soil had h c  lowcst pH nnd organic mattcr and clay conlcnB of dic soils 
Icstcd. 

Jumtland Tababbai (1977) uscd h c  systcm dcscnbcd for At 10 cvaluotc l l ic cll'cct ofSc(1V) to soil 
acid and alkidinc phosphntiw activities, Acid phosphahsc activity in all dircc soils was rcduccd at 1975 
ppm, Alkalinc phosph3hsc activity in both soils tcstcd ~ V L S  rcduccd about ttic snmc dcpcc DL this 
concentration, 

Tic  cffcctivc conccnwntion of 198 ppm (AI-Khafaji and Tabotabai, 1979) is thc lowcst of llic IO 
rcponcd. Conlidcncc in thc bcnchmrvk of 100 ppm is modcratc. 

Silvcr. Brcmncrand Douglns (1971) cvduatcd tlic C ~ ~ C T C C L F  ofAg on urc;Isc activity in two soils, as 
dcscribcd for Hg. Aflcr 5 hours, silvcr, lidded CIS cithcr nitratc or sulfiltc salt, dccrcnscd urcasc acuvily 
by GO to G5% in boll1 soils. 

Liang nnd Tabnwbai (1977) invcsligatcd thc cffccls of Ag on N mincrtllimtion by nnlivc soil 
microflora in four soils, xi dscribcd for Cd, Silvcr DL SO ppni rcduccd N mincralimtioii in dl soils, Tlic 
patcstmnpitudc ofthc inhibitory cfrccl \vas sccn in Llic soil having thc lo~vcst pH ;mJ organic ninttcr 
and clay conlcnb. 

Thc inOuncc ofsoil clianckrislics on crfcct of Ag on arylsulfowsc activity \VIS c\*oIuatcd by Al- 
Khaf;iji and Tnbahbai (1979) as dcscribcd prcviously for AI. In two soils kskd with a Iowcst 
conccnuation of270 ppm, qlsulfilLasc activity ~vnsgmtjy educed. In dic two soils testcd wilh P Iowcst 
conccntrution of 2698 ppm, qlsulfaltlsc activity was almost towlly inhibitcd. 

Fmnkcnkrgcr and Tilbalrrbrii (1981) invcsligatcd thc cffcct ol' Ag on ,midax uctivity in dwcc soils 
in shikcr-flask L ~ S  ;IS dcsctibcd prcviously. Ancr 2 11'2 hours. ,midm activity \vas xvcrcly rcduccd 
in ull dim soils 31 2638 ppm. T l i c p ~ c s t  rcduction occurrcd in llic soil with llic IOWCSL pH and organic 
mattcr nnd clay contcnts, 

Juma and Tnballtbai (1377) u . d  tlic syacm dcscribcd for AI to cvalualc dic cffcct of silvcr on soil 
acid and alUinc phosphalsc aclivilics, Acid phosphatxw activity was flcctcd DL 2G9X ppm only in llic 
soil with thc hidicst pEI (7.H), Alhlinc phosphabsc activity \vas rcduccd 2X'% in thc lorn soil a1 M Ag 
conccntrntion of 270 ppm and 93% at 2G9% ppni in ;L clay lorn soil. 
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A hclrmnrk of 50 ppni A g w a  cstabtislicd bnscd on thc 17 rcporlcd cfl'cctivc vnlucs. Confidcncc 
in this bcnchmark is mdcmtc. 

Tin. Thc influcncc ofxlil chiimctcristics on cflcct of Sn on nrylsulfoti~sc activity \vas cvnluntcd by 
AI=Khaf'aji and Tabahbai (1979) as dcscribcd prcviausly for AI, In lhc soil with the highcst pH (7,6), 
Sn had no cffcct Aqlsu1f;rtisc activity in dic otlicr tltrcc soils was rcduccd by 2968 ppm Sn. Tic  
rcductions wcrc tlic Icz t  scvcrc in dlc soil having thc Itiglmt orgunic C and clay contcnt. 

Juma nnd Tabahbai (1977) uscd Lhc systcm dcscnbcd for AI LO cvaluatc l l ic cITcct or Sn on soil 
acid and ah l inc  phoqhamc activitics, Acid phosphahsc octivity \vas sffcclcd at 29GH pgm only in ~ I C  
soil wilh thc lOWC51 pW and orgnnic maim and clay contcnts, Alkalinc pliospliatnsc activity \vas rcduccd 
in both soils kstcd by his sarnc conccnmtion, 

Thc cfrcctivc concentration of 2968 ppm (Al=Klxd'fiji and Tabalilboi, 1979) is h c  lowcst of tlic 
scvcn rcponcd, Confidcncc in thc bcnclimxk of2000 ppni is low kcausc of llic limilcd mount  and type 
o f  d a b  nvnilablc. 

Titanium. Thc influcncc of soil chanctcristics on cfTcct of Ti (xi TiSO,) to arylsulfatxc activity 
\vas coaluatcd by AI-Khafaji nnd Tabahbai (1979) as dcscribcd prcviously for Al. In nvo soils tcstcd 
wilh n Iowcst conccntration, a ~ t s u l l ~ t w  activity WLS rcduccd by I 138 ppm, Tfrsc Lwo soils had tlic 
lowcst pH and organic mattcr wd clay contcnts of thc [our Lcslcd, 

Tlic ciTtccliuc conccnvntion of I I98 ppm (AI-Khnliji and Tabahbai, 1979) is Ihc lowst of Ihc two 
rcportcd. Confidcncc in thc bcnchmnrk of 1000 ppm is low bccnusc orllic limitcd ;imount and typc of 
data itvnilablc. 

Tungsten, The influcncc or soil chxacwkucs on cffcc& of tungsten (IV) @n,WO,) 01'1 

ruy1sulfsl;rSc activity wiscvnluolcd by AI-Khafaji and Tabatnbai (1979) as dcscribcd prcviously Tor AI, 
In thc soil with the h i g h  clay and crganic mnttcr conlcnts, W had no clTcct Activity wos rcduccd in 
a11 othcr soils at 4538 ppni, \vi111 dic grcalcst rcduction in dic soil with Ihc 10\rgcst cloy cOnlcnL 

luma and Toba th i  (1977) uscd tJic sistcm dcscribcd for AI IO ct~aluo~c llic cffcct of lunb. tstcn on 
soil acid and alhlinc phosphatase activitics. Acid phospliatosc nctivity in all llircc mils \VLS rcduccd a1 
4538 ppm, In Ihc soil willi Uic lowcst pH and orgnnic maucr and clay contcnt. i t  \YLS nlso inhibitcd at 
SGO ppm W. Alkdinc pliosphahx ncdviry in both soils tcskd IVW rcduccd about Lhc snmc mount  OL 
lliis conccnlttldon, 

Thc cfrcctivc conccnlretion of 460 ppm (Jumn and Tnbrrbbni, 1377) is thc lowcst or thc scvcn 
rcponcd. Confidcncc in lfic bcnchrnark o ~ 4 0 0  ppni is low b c ~ i - ~ u s ~  of Ljic limitcd amount and typc of dab 
nvrrililblc. 

Vrmdium. Tylcr (197G) cvdualcd the cflcct ofV, addcd in a solution of sodium wnndatc lo Gcsh 
nccdlcs from awhitc pinc sund. on acid phosphatase activity orll lc nativc microflora. Ancr 3 hours of 
csposurc, activity was rcduccd 40% by 50 ppm V, whilc 30 ppni had no cflcct. 

Thc influcncc of soil chmctcrisucs on cfl'cct ofV on nrylsulfiihx activity wils cvaluntcd by AI- 
Khai'aji and Tabalabai (1379) as dcscribcd prcviously for AI, I n  two soils lcstcd wid1 a lo\~csl  
conccntration of 127 ppm. ;mllsuldlrrsc actitlily was rcduccd wid1 Lhc g-cntcst rcduction in llic soil with 
thc lowcst clay contcnt, In Ihc two soils tcacd widi a lo\vcst concentration of 1273 ppm, nrylsulfalasc 
activip WLS scvcrcly inhibitcd, 
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Juma and Tabatabili (1977) uscd I)ic syslcm dcscrikd for AI to cvafuatc llrc cffcct of V on soil acid 
and alkalinc phosphatase activitics, Acid phosphaLasc activity in all dircc soils \vas rcduccd about tlic 
snmc dcgrcc ;It 1273 ppm. In thc soil with thc lo\vcszpH nnd organic mattcr and clay conlcnts. it was nlso 
inhibitcd at 127.3 ppm V, Alkulinc phosphaksc activity in bob soils tcslcd wns rcduccd about thc samc 
dcgm at 1273 ppm. In Lhc soil \vidi Urc highcstorgmic mattcrand clay conlcnts, it \vas nlso inhibikd 
at 127,3 ppm V, 

Lighthataal, [ 1977) cvdualcd llic cffccls of\' at a singlc conccntration on rcspiration of nativc 
soil microflora in soiVlitlcr micrccosms, as dcscribcd for Cd. Vanadium at 23 ppm rcduccd rcspiration 
2 1%. 

Thc cffcctivc conccntration of 23 ppm (Lightti;ut ct 01,. 1977) is llic Iowcst of llic 10 rcportcd. 
Confidcncc in thc bcnchmnrk of 20 pprn is niodcratc, 

Zinc, Wilson (1977) cvduatcd hc cCrcct ofZn. IS zinc sulfate solution, 011 nitrification by nativc 
soil microflora in thrcc soils, 'rl-~c soils rungcd in  pEl from 5.1 to 1.2. pcrccnt orgimic muttcr from I ,  1 to 
2.4, and pcrccnt clay from 2 LO 2X, Ancr 49 d a y ,  oivificatjon \vas scscrcly inhibikd in all dircc soils 
(98 to 100%) by IO00 ppm Zn. \vliilcZn at IO0 ppm hod no cffcct. 

Harrnstrtl and Doclmm (1931) invcstigalcd short- and long=tcrm cTTccts of Zn on nrylsulfatasc 
activity, urc,m activity (Dvclmnn and Hottnsua, 1986), nnd tobl ~ I I O S ~ ~ ~ L I L S C  activity (Doclinnn and 
Haanstra, 1989) by nativc soil microflora in fivc soils, dcscribcd for Cd. In !hc 6-wcck study on Lfic 
cU'ccccts of& data Gum llic sandy pot soil w m  not avnilablc for any of llrc cnqmcs. Thc highcst EC,,s 
wcrc 5559,3623. and 1780 ppm for ruylsulfsbsc. phosphahsc, and urctlsc activitics, id1 in ttlc soil with 
h c  pntcstcontmt of clay. The lo~scst EC,F of 909.220, and 420 ppm Zn WCR all found in thc sand. 
In thc 18-month study, d m  wcrc not available from thc sandy pcnt for pliosphatasc or thc sil: lorn for 
mxx, Thc hiChcsL ECs$ w r c  9679,4872. and 290 pprn Zn in dilfcrcnt soils, T ic  lowcst EC,,s w r c  
375. 170, and 70 ppm in diffcrcnt soils, 

Jumn and Tabahbai (1977) uscd thc systcm dcscrikd for AI to cvrrlua!c thc tosicity of Zn Lo soil 
acid and dlialinc phosphatw tlctivihx Acid and alkslinc pliosphsmsc activilics \vex aflicctcd at l G 3  
ppm in ,711 thrcc soils IO nboul Ihc s m c  dcbvcc. csccpt incrcnscd inhibilion of olkafinc phosp1itll;lsc 
activity in Ihc soil with Ihc highat pH. 

Thc influcncc ofsoil c lmwnst ics  on c!Tccts of Zn on ,qlsulf;Itw activity was cvaluatcd by Al- 
Iiliariji nnd Tabstabni (1979) as dcscribcd prcviously for AI, A rcductiori in activity \vm mcnsurcd in 
two soils tcukd 8: o conccnualion of 113s ppm, No clcar diffcirnccs bchvccn llic soils with rcgard 10 
influcncc on cffccu ofZn could bc disccmcd. 

Bhuiya and Cornfield (1974) invcstigaicd tlic cffccts ofZn on N rnincmlimtion and nitrilication 
by nntivc soil microflora in a.mdy soil at diKcrcnt pH Icvcls, as dcscribcd for Cr. Aflcr 12 IVCC~S,  both 
mincnliydon and nhilicntion wcrc rcduccd by 1000 pprn Zn at pH 7, bul not at pll C. Aficr 6 wccks, 
ncithcr mincrolirAon nor nitrification was clflcctcd by Zn at cilhcr pH. 

Bhuiya and Comlicld (I3i4) bvcsljgalcd dic cff~ccts of IO00 ppni Zn tlddcd as Zn osidc to a sandy 
soil at thrcc pW Icvcls on nitrogcn mincrnli;r~~lion by netivc soil microflon. Ancr 42 days. N 
mincrnlixition was rcduccd in thc pW 7.7 soil but not in soils at pll G and 7, 
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Thc cffccki of Zn on dchydrogcnasc activiiy or tlic nntivc soil microflora in soil from hc  Rochy 
Mountain Arscnal \ v m  ;rsscsx;cd by Rogcrs and Li (1385) as dcscribcd prcviously for Cd. A 
conccnwation of 300 ppm Zn rcduccd dchydrogcnasc activity by 30'X; Zn at 150 ppm lind no cflcct. 

Laskowski CL al. (l994) lookcd at thc cffccts of scvcrd mchls at low 10 modcrsic lcvcls on tlic 
rcspimuon rnlc ofwidmiscd forcst litkr, Tic fmh litlcr \YL! ucatcd widi soluticrns oTCdCI, (up io 250 
ppm Cd), Pbo\lOJ, (up io 2500 ppm Pb), or ZnCI,. Only slhc had an cflcct at thc conccnvntiou tcsicd. 
A conccntration o f  1000 ppm Zn rcduccd rcspiration by ?6'l/o: Zn a i  200 ppm liad no cffcct 

TIC clTcct ofCd and Zn on rcspintion ofsoil microflora in ficldcollcctcd bluck o;& forcst soiYlittcr 
microcosms was cvnluatcd by Chancy ct ai. (19781, TIic mchls, in solutions of chloridc ~ 1 ~ s .  wcrc 
sptjnklcd ovcr Lhc littcr lnycr of thc chmbcr, Ancr 23 days, Cd at  a conccnbntion up to G ppm had no 
crfcct Rcspiration was dccrcascd 21% by Zn at 479 ppm; Zn at 47 pprn had no cffcct 

Bollng and Barnbsz (1979) cvalutltcd thc cffccb ofZn on dcniuiliccltion by h c c  soildwclling 
Pwrdomonus (bacrcria) in auloclevcd soil and by nativc soil microflorn, ;Ly dcscribtd for Cd. In tlic 
autoclnvcd soil, IWO of thc thrcc spccics hod rcductions in activiiy ;It 250 ppm Cd. whilc thc orgnnism 
most scnsitivc to thc cflccls or Cd and Cu \+as also morc scnsitivc io tlie tosic cfl'cc~s of Zn on 
dcnitrification. Dcnitrificotion by thc nntivc soil population was rcduccd 3 I% by 250 ppm Zn. 

Lighlhmct al. (1977) cvaluatcd tlic cffccts ofZn at a singlc conccnlrtltion on rcspinbon of nntivc 
soil microflora in soiylitlcr microcosms. as dcscribcd for Cd. Zinc at 3600 pprn rcduccd rcspiration 
66%. 

Prcmi nnd Cornfield (1969, 1969/1970) invcs\igaicd thc cffcc~s ofZn crddcd to a sandy toam soil 
on n h g c n  transformations by nativc soil microflora, In n 21-day cspcrimcnt (1969). nitnficadon t v ~ q  

scvcrcly inhibited nL 100 pprn Zn. addcd as suffalc sdt. tfx lowcst conccntration tcstcd. Zinc oddcd in 
cwbonatc form \vas incffcctivc at 10,000 ppm (higlicst concentration tcstcd), probably bccaiisc of tlic 
h c m s c  in soil pH wuscd by addition of this form. In tlic X-wcck cspcrimcnt (NG!W70) with sucrosc 
and iunmonium nitrat ddcd to thc soil, nitrification \vas dccmscd only slighdy less at IO0 ppni Zn d m  
it i~ils In thc 2 I -day study, 

Thc bcnchmivk of 100 pprn Zn is thc 10th pcrccnlilc of dic 4G rcponcd cffcclivc valucs. Confidcncc 
in this bcnchmark is high bccausc or the rclntivcly large amount of data availablc for o vnriciy of 
functional rcsponsc Ijctors, 

43.2 Orfinnic Chcrnicrils 

Acylon~tr;lc. Thc clTcck of scvcral orgwic compounds on rcspiration of n a k  soil niicroflorn 
in ;I mdy loam and il silt lorn soil \YCR cvdualcd by Walton ct al, [13HO), Both soils w r c  acid (pW 4.3 
and 5,3) and low in organic muttcr (1,4 and 3%) but diffcrcd with rcspcct to mounts of c t q  (S'Xt vs and 
30Xt), Rcsphtion was mcnsurcd aftcr G-day csposurc to 1000 ppm of cach chcmical. Chcmicnls tcskd 
at 1000 ppm had no cflcct and includc mchyl clliyl kcionc, bcnmc. lolucnc, p - q h c ,  chloroknmx, 
chlororonn, d ollicr chlorinntcd bcnmcs, Acplonitrilc rcduccd rcspinlion by 59% in tlic sandy 10.m 
soil and 41% in thc silt tom. Clay appcarcd io hnvc an amcliortlting influcncc on tJic CMCCLS ol' 
ocvlonitrilc, 

Thc bcnchmivk of 1000 pprn is bascd on this work, Confidcncc in tlic bcnchmnrk is low bccausc 
of L21c limitcd amount and typc of dah availablc, 
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Cirrbon tctrrchloridc. Thc cffccls of 1000 ppm cilrbon tcuachloridc on rcspirtrtion of nalivc soil 
microflorn in a sandy loiim and n silt loam mil w n s  cwluatcd by Walton ct nl, (1989) as dcscribcd for 
ncrylonitrilc. Carbon tclnchfon'dc rcduccd rcspirntion by 21% in dic sandy loam but did not lower 
rcspiration in h c  silt lobm soil. Clay may havc had an bmcliorsting influcncc on thc CITCCLS of diis 
compound. 

Thc bcnclirnark of 1000 pptn is bascd on Uiis work. Confidcncc in dic bcnchmluk is low bccnusc 
of dic limitcd iimounl und typc of dah iivailabIc$ 

Cis-l,S.dichloro=2=butenc, Tlic cffccls of cis-l,ikiichloro-2-butcnc on rcspiration of nntivc soil 
microflora in a s u d y  lorn and a silt b n n i  soil \vas evnluatcd by Walton ct nl, (1989) us dcsctibcd for 
nnylonjtrilc. Cis~1,iklicliloro-2-butcnc rcduccd rcspiration by 4X!% in dic sandy loam soil nnd 4441 in 
Lhc silt loam by 1000 ppm, Clay did not nppcar noi to liavc M ameliorating influcncc on tlrc cffccts of 
this compound. 

Thc bcnchmrvk of 1000 ppm is bascd on this work. Confidcncc in Lhc bcnclimnrk is low kcausc 
of thc limitcd amount and typc of dab  availilblc. 

Hcxnchlorobenzenc. Tlic ct'fccls of IO00 p;rm hcuchlorobcnmc on rcspirtrlion 01' nslivc soi! 
microflora in ;I sandy lorn and B silt lorn soil was cvdualcd by Wdton ct 21. (1989) xi dcscribcd for 
acryfonitrilc. Hcxachlorobcnzcnc rcduccd rcspiralion by 37% in Ihc silt loam but did not lowr 
rcqinrjon in thc sandy 10;rm soil, Clay did not oppcar to h a i ~  an nrnclionting c l k t  on thc losicily of 
his compound, 

Thc knchmruk or 1000 ppm is bnscd on dris work. Confidcncc in dic bcnchmlrrk is low kc;~usc 
of thc limitcd amount and typc of dab availnblc. 

Nitrobcnccnc. "lic clTccts of IO00 ppm nitrobcnmc on rcspiration of nativc soil microilora in a 
sandy lorn nnd a silt lowi soil was cvaluarcd by Walron CL 01, ( I  383) as dcscribcd fbr ~rylonilrilc. 
Nilrobcnzcnc rcduccd rcspiration by GI% in Lhc sandy loam soil iind by 22% in Ihc silt loimi, Clay 
appcxs to hovc a11 mcliornting inhcncc on thc cffcct of nitrobcnscnc, 

Thc bcnchmrvk of 1000 ppm is b u d  on this work. Confidcncc in thc benchmark is low kcausc 
of thc limitcd amount and typc of dab  avtlilablc. 

Pcntrtchlorophcnol, vim Bcclcn and Flcwcn-Kcmila (1993) cvaluatcd h c  cn'ccl of 
pcntnchloroplicnol (PCP) on mincralizidon or nddcd ncchtc by nativc soil microflora in un acid 
abricultural soil aid M acid dunc sand. A h  I ,H days, C02 cvolvcd was rcduccd 50% (ECJ by 4GO 
ppm in h c  agricultwll soil (pcrccnl organic mattcr, 10,4; pcrccnt clay, 5 )  ;utd by 1500 ppm in tllc dunc 
snnd (pcrccnt organic rnatm'. 1.2; pcrccnt clay, OA), 

Thc bcnchmxk of 400 ppm for PCP is bascd on lhis work. Confidcncc ii, LIX knchmurk is low 
bccausc of thc liniitcd mount and ~ypc of data nvailablc, 

Phenol, Effccts of phcnol on carbon and nitrogcn mincraliulion and nitrogcn transformations in 
alfdf..-nmcndcd, simcd soil wcrc dctcrmincd by Sutcr and Shxplcs ( I 9 X q  Tic silt loam soil hod o pll 
of 3.7. Carbon diosidc production was incrcmd at 10 ppm and 100 ppm on days I and 7 but not on  
lakr data or 01 highcr conccnlrnGons, CO: production \vas dccrcascd nt 1000 ppm pllcnol on day I ,  but 
not hcrcakr, md trt 5000 ppm plicnol on days 1 through 55. On all datcs (days 7 through 421, ammonia 
conccnlrations wcrc significantly incrcuscd and nitrntc sign; licanlly dccrcnscd by 1000 and 5000 ppni 
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phcnol, A1 IO and 100 ppni on d y  7 and at 100 ppm on day 42, but not on intcrmcdiatc dntcs. ammonia 
was sipificimtly incrfnscd and nitriitc dccrcascd, If Lhc Io\rcst chronic rcspansc is uscd as tlrc basis for 
thc bcnchmark. ihc hrcshold for signilicnntcrfccls in this 1cst is 100 ppm plicnol. 

Thc bcnclimiuk of 100 plim is boscd on this work, Confidcncc in ttic bcnclimurk is low bccausc of 
thc limitcd ,mount and L ~ J X  of dah  avtrilablc. 

Tmns-I,J-dichlaro-2-butcnc, Thc cilcccca of 1000 ppm kiln+ I .4-dichloro-2=butcnc on rcspirnljon 
of nnlivc soil microflora in (I sandy loam and n silt lonm soil \vas cvnluntcd by Walton ct a]. (1983) as 
dcscrikd for ncrylonilrilc, Trans= 1,5-dicliloro-2=butcnc rcduccd tcspintion by 44% in thc sandy loam 
soil m d  58% in thc sill loam. Clap did not appcnr not to havc M nmcliora~ing inllncncc on t l ~ c  cVcccct of 
his compound, 

Tnc bcnchmxk of 1000 ppm is bnscd on his work. Confidcncc in llic bcnchmnrk is low bccniisc 
of Lhc limitcd amount and typc of dam tlvailablc, 
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5. INVERTEBRATES OTHER TI-U'N EARTI-IWORMS 
AND MICROBIAL HETEROTROPHS 

5.1 IIUTRODU~ION 

Intcrcst in thc tosic cffccls of soil pollutanls on soil itnd litlcr dwclling invcrtcbratcs othcr lfian 
carthworms and microorganisms stcms from conccrn for ncgnlivc c ~ c c t s  on nulricnt cycling and 
availability and quality of food for llnimals fccding on soil and littcr dwclling invcflcbratcs. In gcncral, 
h c  most irnpomnt roulc for assimilation of mculs by soil invcncbratcs is Ihrouglr ~ I C  Jigcstivc tract 
(kcby.  1991). Assimilation of tosic rnchls dcpcnds on dict and lllc animal's csscntinl mctd dcnmd,  
In gcncd, invcabratcs with n high calcium dcmturd tcnd 10 accuniulatc higher conccntrstions or tosic 
mctnls, Thc mchls arc oncn bound in  inlnccllular granufcs, structural tissucs, and mcmbr;mc=bound 
vcsiclcs, Thcrc is no clcx rclationship bctwccn dic bioconccnlration potential of a spccics and iu 
susccptibilin, to mcul intosication (van Strmlcn. 199 I ) .  

Tosic cffcck of mctals on invcncbratcs rcsult in part from thcir intcr;ictions with iiuuitionally 
signilicanl mchls. van Stranlcn ct nl. (19x9) suggcst that Ihc ncgntivc impact of cadmium on mite 
(Plupnorhnrs p f t f i r )  cgg production rcsulu from disruption of dic rolc of Yjnc in rcproductivc 
mcobolism, Cadmium also blocks tlic calcium currcnt of ficlix ncurons (Akaikc ct 01.. I97%), possibly 
lcnding to tissucdmagc and rcduccd rcproduclion (Kusscll ct al,, 19% I ) .  TIx intcrrclationships bctwccn 
mctds, both csscntial ;md noncsscntial. uppcar to bc quitc coniplcs and variable among spccics ol' 
invcncbratcs, OLhcr cffccts may rcsult from tlic binding of mchds to prolcins and cnqmcs \villi 
conscqucnt runctiond disruption. 

5 2  ISVERTEBRATE DATA SELEmIOX 

7lrc cspcrimcnd approuclrcs NC LDO divcrsc and llrc httl too mcagcr to allow for thc cstablislimcnt 
of bcnchmnrkv for thc tosicity of contamin:mts in soil to soil-dwclling invcncbratcs ollicr dian 
crutfmorms. Most cspcrimcnts cvaluating L-Iic c f f c c ~  on ncmatodcs NC conductcd in solution bccnusc 
thcsc organisms inhabit Ihc watcr films around soil pnniclcs and rooLs. Tlic cspcrirncnu using 
Collcmboln and miks iirc oncn conductccl by fccding thc organisms on algae that WCK rcarcd on 
conhrninatcd mcdin, Pcrhaps dic most common mcdiod for odicr organisms is to surfxc appl>l a 
solution. or salublc powdcr, ofdic chcmical to dic organic subslratc on wliicli it is IO fccd during dlc 
cspcimcnt. At most conminatcd sitcs, conccntrations of clicniicnls in soil arc mcxurcd whilc 
conccntrations in soil dpc, littcr, and porc wrrtcrarc no!. Surface-applicd chcmicds arc only appropriatc 
whcn cvduting sitcs tvhcrc dcposition of air-bornc contaminants onto vcgcblion and littcr is thc only 
rouk by which thcsc Focd wurccs bccomc contaniinatcd. The bioavailnbility of clicmicals introduccd to 
food by dicx mcthcds is notdircclly compmblc to lhnt of clicmicds bound in organic form insidc plant 
malcrial or microflora, Fulihcnnorc. it would bc difficult IO ~ S S C S S  llic food prcrcrcnccs oftllcsc divcrsc 
and opportunistic organisms in any spcilic ficld situation (Hopkin. 13x9) to aIlo\v upproprintc sampling 
and analysis. 

For thc prcviously dcscrikd rcasons. no bcnchmarks havc bccn cstciblishcd for tlicsc orgnnisms. 
Thc informntion in this pnrt of thc docurncnt is providcd LIS rcfcrcncc and suppon mutcriiil, 
Espcrimcntd data arc givcn in Appcndis C. 
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5.3 IKVERTEBFUTE TEST SPECIES 

Thc litcriuurc on tosicity ot'clicniicclls 10 soil and litlcrdivclling invcncbralcs prcscnts cspcrimcnhl 
rccsul~ using microurthropodq. macronrlhropods, ncmatodcs, and tcrrcsirinl gastropods and CrnWcCilnS. 
Thcsc organisms rcprcscnt divcrsc niorpliological, physiological, and bcliavioral groups. Thc following 
gcncral information is dcrivcd mainly l'rorn works cditcd by Dindnl (1930) and Dickinson and Pugh 
( 1974). 

ColIcmbln @ringtails) arc small, winslas microditopods thai livc mainly in llic soil littcr laycr, 
With thc mitcs, springtails milkc up thc majority of llic soil liltcr arthropod fauna, Most soil forms livc 
on partidly dccompoxd vcgcwion or microflora, c?;pccially fungi. Tic  impomncc of Collcmhla to soil 
organic mmcr brcakdown and nuu-icnt cycling rcsulw from tlic comminution of organic mnttcr 
fmgmcnu. fccdingon humus and fcccs in llic littcr, and on dccaying roots. Collcmhla commonly uscd 
as tcsl spccics m Folsomia candidu, 0nychiirnr.s arrnuti~s, and Urclrcsclla cincta. Fblsomiu cuttrllda 
is considcrcd wcll=suitcd for h c  sludy of cffccts of conl;lniinants on population pnnmclcrs bccnusc it  
is c ~ s y  to culturc and lias a rclativcly slion gcncntion time. This allows thc swdy of individual and 
population plumckrs in thc samc cspcrimcnt (Crommcnluijn ct al, ,  1993). 

llic Acarina (mitcs) ,m a divcrsc group of in Ihc subordcrs I'rosripmm. Mc.\-osllpnula, 
Asri~maru, and Onharidu, Each subordcr contains rcprcscnbtivcs living in a widc range ol'hnbitaw. In 
thc soil and littcr, mitcs may bc dcuitivorcs cating dcad plant malcrinl, prcdntorl\,, or 
fungivorcddgivorcs. Oribalid mitcs arc found in I q c  numbcrs in organic liorizons of soils, Tlicy arc 
rcprcxnLcd in loskip tcsts by Plurynorlrnrsprlr~r, Likc thc springtails, mitcs act to incrciw Ihc nlc  
of orgonic ma tw dccomposition by rcducint; dic sb.c or  organic mnttcr frabmcnts urd fccding on 
microflora involvcd in dccomposition, Mitcs, cspccially oribatids, arc considcrcd sui~ablc for thc study 
of cffccts ol' conl;miinanls on population p;irmctcrs bccausc Lhcy arc c q  to culmrc and havc il 
rclativcly short gcncntion Limc ( 1  pcr ycx), although it is longcr than dial of tlic Collcmbola (2 pcr 
YCX), 

Tcrrcs~nl cmsI1Iccilns ilrc rcprcscnlcd in tlic losicity lilcraiurc by \voodlicc, also known as pill bugs 
(Isopodn. Porccllro scabcr and Onrsctrs nscllrrs), Thcy nrc common in dcciduous wdlmd,  living in 
hc liucr lnycr and on decaying w d ,  Woodlicc arc omnivorous. fccding mninly on dcnd and dccaying 
planls, Thcy incrcrrsc organic rnatkr dccomposilion by comniinuhg d ~ c  fragmcrib and kcding on 
microflora involvcd in prininly dccomposition. A s  lcaf littcr fccdcrs, isopods arc considcrcd good 
candid;iics for standard orpnisnis in ccotosicoloyical &sting (van Wcnscm. 19x9). i'ovccliro s c a b ~ ~ r  
is common in many counuics and is casy to maintain in  thc laboratory, 

Thc snnil HL~IX aspcna and dic slug Arlon aicr rcprcscrit lcrrcsuial gasuopods, Thy' arc 
gcncralixd fccdcrs (living and dcad plant makrids) inliabiling Llic soil surfacc. thc littcr l;iyr, and 
standing vcgctation, Thcir usc in ccotosicological lesting sterns from tlicir potcntial impmncc  for 
ilccumulotion o f  contaminants in tlic food chain (Russcll ct ai,, 198 I )  

Ncmalodcs (roundworms) arc significantly diffcrcnt from olhcr soil and l i t~rdwclling urgnnisnis 
dixusscd hcrciii bcausc Lhcy rcquirc a continuous watcr film for survival, Tlicy fccd on ;L widc vnricty 
of foods although wmc nrc spccidi;rd pnrasiks. TIC cffcck of chcmicnls on funyivorcs, bnctivorcs, 
hcrbivorcs, and omnivorcdprcdnmrs havc bccn cvnluatcd. Cacnorlruhdrris clcgans uscd in cspcriincnts 
is a widcsprcrrd frcc-livinl: wildwclling ncmmdc, h'cma1odcs hnvc Lxcn uscd in cco~o.Uicologicid work 
for a numbcr of rc;l!ons, Thq arc abundant, cnsily rctricvcd from soil, and rcarcd in Lhc Inbralay.  
Ncmatdcs livc in thc inkrstitial w l c r  of Lhc soil so cspcrirncnlv can k conductcd in wtcr .  Tip may 
bc cxposcd 10 highcr conccntr:itions of contaminants by this roulc than cwlhworms .and otlicr 
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invcrkbnks notconsmdy in contact witli dic soil solution. Uptakc ol'chcmicals is mainly lhrorigli tlic 
cuticle, and difkrcnccs in cuticlc pcrmcability YC tliouglit to bc thc primIm, sourcc ol'varinbility in 
rcspnsc of various ircmaloclcs to tosic chcmicnls (Knmmcnga cl al., 1394), 

5.4 OTHER INVERTEBRATES LITERATURE REVIEW 

Ciidmium, Kmmcngact al. ( 1 % ~ )  compnrcd thc ocutc tosicity of  Cd (CdCL) to swcn icrrcstrial 
ncmatodc spits belonging to diffmnt twonomic and ccological groups. Thc ncniatodcs ulcrc csmctcd 
from Lhc surfncc horizon of M arablc soil and n rorcst floor rind idcniilicd and sclcctcd on tlrc b;lsis of 
diffcrcnt vophic Icvcls: f(ttuhdiris spccics and Dip1o~a.srcr~rrr.s spccics; Ccplrulohrrs p r r s c ~ n i s ,  
Acroheiordcs hrrrt.schirr, and Caenurhuhdiris clrguns, bnctcria fccdcrs; Aplrckcnclrrrs uvcnac, fungus 
fccdrr, and ITykmdrrcs dcgans, plant fccdcr, Solutions \vcrc miscd to miniic h c  mincral conccnrations 
of soil solution in a sandy forcst surface soil plus Cd at diffcrznt conccnrations, LC,, values wcrc 
dctcnnincd d c r  72 horn, llic ncniatoclcs 'I: L ~ I L ~ ~ ~ S  and A. m c n ~ c  had LC, volucs ofb~cl~tcr tlian 30 
ppm aftcr 9G hours (termination of cspcrimcnt); that is. hey wcrc csscntidly ~ i d f c c t c d  by thc 
chqxflmcntlll matmcnt, Among thc bectcriai fccdcrs dic LCy, rangcd froiii npprosimatcly 3 to 60 ppm 
Cd uncr i 2  houn, 

nlc ncmatodc C. clLb,qunswrrs uscd by van Kcsscl ct 01. (1389) to tcst thc cffccts of Cd (ils CdCI:) 
on growth (Icngth) trnd rcproduction (numbcr ofjuvcnilcs pcr adult) of this soildwclting group. Juvcnilc 
(J-1) ncmatodcs \vcrc culturcd for 1GR hours in microlitct plates containing solutions with diffcrcnt lcvcls 
of Cd. Rcproduction, llic morc scnsiti\lc paramctcr. \vas rcduccd 36'5 by 3.6 ppm, 

Tic idlucncc of Cd (is CdCIJ on lifc=Iii.story chamctcristics of d ~ c  collcmboliln /:o/som/n candida 
\vas imicstigaicd by Crommcntuijn ci 21. (1993). Onc-wcck old animals wcrc ploccd on OECD ;utificiol 
soil (conbining, in pcrccnt dry w i g h i  IO spliagwn pca~., 20 kaolin clay. 70 quam uand: pl-l G) 
containing a scrics of conccntrations of Cd and fcd bakcr's y c n s ~  Numbcr and wciglit ol'adullc and 
nurnbcr o f  ofkpring were dctcrmincd. A soil conccntrntion (MCI+!dNO, cslmct~blc) 01'326 ppm Cd 
rcduccd thc numbcrof offspring produccd by 21% uncr 42 diiys. Wciglit of dic individual animals \vas 
not dfcctcd at this conccntmtion. 

Rcprcscnhlivcs or Collcmbola ;md miks wcrc used by vim Stradcn ct nl, ( 1  3H9) to w x s s  tlic cff'ccl 
of Cd in dicts of soil microartliropods on population growth ratcs. Thrcc-day old Orchcwlla cincru 
(Collcmboln) IVCK fcd p u n  nlgac contilining Cd (CdSO,,). A conccntrntion of 15 ppm Cd cnuscd an  
tlpprosimiltc 56% rcduction in calculatcd population gowlh raic ancr G I  days, whilc 4.7 ppm had no 
CFCCL Adult miks (P, pcltfir)  fcd tlic m c  dict for 84 days cspcricnccd u 23% rcduction in population 
growth ratc at a conccntration of 9 ppm Cd, whilc 3 ppm had no cffcct. 

Hopkin and llamcs (1334) invcsligaicd Lhc cfl'ccls of Cd (2s CdNO,) in lbod on survival and 
rcproduction of thc tcmstrial isopod lJorcrllio scuhcr. knvcs  of ficld maplc (Acer campcsrrc) w r c  
sprnycd with solutions containing Cd and placcd in plastic containcrs with juvcnilc w d l i c c .  Afkr 360 
days, thc numbcr of surviving isopods and thc numbcr ofjuvcnilcs wcrc dctcrmincd. Tic numbcr of' 
juvcniics produccd \VIIS dccrcmcd 47% by I O  ppm Cd (lowcst conccntration tcstcd) wliilc SO ppni \vas 
rcquircd to rcducc total survival. 

Thc cflccccts of Cd on individual wight. ncw shcll gowtli, wid rcproducuvc bcliavior of Ihc snail 
Hdlx  u.~prsa \ v s  cvillumd by Russcll c~a l ,  (I98 I ) ,  Tic dict Tcd to llic sub=adult (4-month- old) snails 
for 30 diws was ground Purim Lab Chow (Tor rats, micc, aid IiImsicrs) with Cd (a CdCIJ addcd. Snails 
ivcrc riscd in plastic conlilincrs with sand botioms, Rcproductivc activity, CIS incnsurcd by tlic numbcr 
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of individuills mating or with spcrmatophorcs in place. was rcduccd 2X% by 25 ppm Cd whilc I O  ppm 
had no cffcct Ncw shcfl &mwll\ and wcigliL wcrc not affcctcd at d i s  conccnmtion, 

Thc cspcrimcnul approachcs dcscribcd in die prcvious paragraphs arc too divcrsc LO nlfaw 
cornp,uison of rcsults. as discusscd in dic Introduction, Thcrc is agrccmcnt bc~~vccn thc hvo studics on 
thc circcl~ ofCd on ncrnntcdcs in thal opprosimatcly 3 ppm in solution is dcknicntal to Ihc organisms. 
This numbcr may bc uscful whcn soil solution canccntntion valucs for Cd arc avnitnblc. 

Thc onc study conduclcd in soil yicldcd o toxic conccntratjon of 326 ppni, which is highcr tlinn dic 
c,uthworm and microbc bcnclimnrh for soil (Tablcs 1 and 2). 

Copper, Thc ncutc tosicity of Cu to thc ncmalodc C, c l c p n s  in four soils and in solution \vas 
cvdualcd by Donkin and D u s c n h y  (1993). Tlic soils includcd two silt lonms, il loani. md a clay lorn, 
Adult ncmalodcs \VCE plilccd in the soil with Cu addcd as CuCl, and nrrtivc soil orpnic  niattcr as food. 
Aftcr 24 hours, sun~iving animals \VCE countd, and M LC, conccntntion calculated, Toxicity \vas also 
tcstcd in solutions conmining Cu. A conccnlralion of 105 pprn Cu in soluljon causcd SO'% mortdih 
whilc nt I c s t  400 ppm (sandy lorn soil) WL! rcquircd in soil. Tic  liighcsl LC,, ( 1  06 1 ppm) \vas 
associated with thc highcst pcrccnbgc organic matter in Lhc loam soil, 

P m a l c c  c t d ,  (1Y13) uscd a soil microcosm to t c s ~  thc cffccls of Cu on survival of ncmarodcs and 
microiirthropods fccding on nativc soil organic mattcr. Cu IWS nddcd as CuSO, LO tlic A I?orkon of an 
acid sandy rorcst soil whcrc nativc soil ncmotodc and microarthropod populations wcrc csposcd for 7 
dvs, Thcrc IVU m avcngc rcduclian of approsimatcly 70% in numbcr of individuals of most ctlkgorics 
of ncmndes (fungivorcs, bnctivorcs, hcrbivorcs, hatchlings) at 400 pprn total Cu. while IXS ppm had 
no clTcct. 7 i c  numbcr of individuals oflhc omnivorcdpdators cakgov w.s rcduccd XS%I by thc lowcst 
conccntmtion of' Cu tcstd, 72 ppm, Total microonhropod numbcrs wcrc rcduccd a b u t  50'% by 400 
ppm, The oribatid and Mcsosligmub m i k s  nppcwcd to bc mow scnsitivc. and thc ColIcmboln 
populndon was too small to cvoluak. 

Strcit (19x4) csposcd mjcroidiropod communitics for sis wccks to coppcr sulfate in 27-L 
microcosms containing a locss=dcrivcd brown c d i  soil with local glcy lionxons from 3 forcsL sitc in 
norlhcrn Switzerland. From 40 to 150 ppm Cu, no significant cffccls on rhc milc communih svcrc' 
obscrscd. At 200 ppm, a rcduclion in juvcnilc mitcs was obscnlcd, T ic  cffcct \vas primarily duc LO a 
dccrc3sc in thc spccicsI'lurynolhnrsprlr~r. Ttic auUioru concludcd dint 200 ppm did not conclusivcly 
cousc advcrsc ccfccls a1 tlic community Icvcl, sincc only onc of  scvcn spccics \vas sffcctd, Tnc mites 
wcrc lcss scnsitivc tlim calth\vorms to thc coppcr conccntntions in soil, 

Korthnls ct a],  (199G) invcstigatcd thc cffccu ol'coppcr on LJic ncmntodc community in an 
;rgmcosystcm in thc Nclhcrlmds r711cr 10 ycars orcsposurc. Thc mcnn total numbcr of ncmatodcs w n s  
rcduccd SL Icm 20% in soil containing t 00 ppm o f  Cu (PH ildjusrcd lo 4.0). 104 ppm ol' Cu (pH adjuslcd 
to 4.7). mnd 1GO ppm of Cu (pll adjustcd 10 5 4 ,  Thc abundnncc of diffcrcnt spccics and trophic groups 
was more scnsilivc a pmmctcr than Lhc tohl numbcr of ncmatodcs, Coppcr \VM csmctcd from thc top 
10 cm of soil wilh 0,G M nitric acid; thus, totat conccnWons of Uic rncltrl may bc higher Lhnn lliosc 
rcponcd, 

Flopkin and f4nmcs (1994) invcstigntcd llrc cffccLs of Cu (as CuNOJ) in food on survival aiid 
reproduction of thc tcrrcslrial isopod Porcclllv scabw. Tnc cspcrinicntal dcsign uscd by LIIC nulhors is 
dcscribcd in tlic discussion of dic ciTccts of Cd on diis animal. Altcr :GO days, llic numkr  of sunking 
isopals and thc numbcr ofjuvcnilcs w r c  dcicmiincd. 7 i c  numbcr ofjuvenilcs produccd \ v u  dccrcascd 
53'X by SO pprn Cu whilc 100 ppin orCu wnr rcquircd to rcducc IoMl suwival. 
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The slug, Rrlon arw, was uscd as llic kst organism by Mnrigomcx CL 31, (1 9HG) to Jctcrminc llic 
cITcctsofscvcn1 pollutants on krrcsuial mollusks, S l u g  collcclcd from Llic Cicld wcrc rcarcd in plastic 
b x c s  nnd fcd J dict of n pulvcriscd misturc ol'lc~~ucc, applc. c m o ~  aiid pumpkin miscd wid1 CuSO.,. 
A k r  27%~ on this dict, thc mimills cspcricnccd a 55% dccffiisc in growth a1 1000 ppni Cu, whilc 300 
pprn had no c f l c c ~  

Thc studics of Donkin and Dumbcry ( I  993) and PilrmillcC ct d, ( I  993) hkcn togdicr show a 
highcrconccnmion in soil than in solutjon is rcquircd to fleet thc sunlivnl ofncmtltodcs. Difl'crcnccs 
among groups ofncrnnlodcs in scnsitivity to Cu is shown by P;lrmolcc ci id. (1993 Tlic application of 
sclublc form of Cu to food rnatcrinl by Hopkin nnd Hamcs (1934) and Marigomcz ct al. (1986) show 
tory distinct scnsitivitics of woodlicc and slugs to Cu. 

Thc lowcst toxic conccnlntion rcponcd in thcsc two studics (72 ppm Cu) is higlicr than tlic 
bcnchmrvks for c,vthwoms (SO ppm) and microks (30 ppm), 

Iron, Tlic cffcct or iron on Ihc Collcnibola Orclrcs~~llu cincra \vas invcsligakd by Notuor ct al, 
(1987). Thc springtails wcrc grown in plastic dishcs md fcd p c n  dgnc (Pktrrococcrrs spp. j conlnining 
various conccntnlions of Fc for 21 days. Pcrccnt goivth, fccding activity, and molting \vcrc dctcmincd. 
Growth of thc springtails \vas rcduccd 42% by P dict of 7533 ppni'. wliilc 35 IS pprn had no c f f c c ~  

bad.  I3cnL-n cL nl. (1983) c v d ~ t c d  dic cffccts of lad.  in Llic fungus Vcrrrcrllrrrm hirlhrllostrm, 
on gro\di m k  ora fungus-fccding collcmboltln, 0. unlla~us. Adult springtails wcrc fcd llic fungus for 
125 days and Lhcir I cngh  wcrc rccordcd Tor calculation of growth ratc, Lcad at 3089 ppm in tlic fungus 
causcd a 25% reduction in 0. armurtts growth raic. fungus. 

Hopkin and Harncs (1994) invcstigittcd thc cffccw of Pb (as PbNO,) in food on suwival and 
rcprcduction ofthc tcrrcstrinl isopod Porccllfo ,scahcr. Thc mpcrimcnltrl design uscd by Llrc authors is 
dcscrikd in dic discussion of thc cffccki of Cd on his animal, ATtcr 360 days, thc numbcr of surviving 
isopods and thc numbcr ofjuvcnilcs wcrc dctcrmincd. Survival and Llic numbcr ofjuvcnilcs produccd 
wcrc dccrcilscd IOO'X by 2000 ppm Pb wliilc loo@ ppm had no cffcct. 

W c r  and Andcrjon (I!") also uscd I'orccflro scuhcr in cspcrimctits to dcrcminc tlic clkct of 
Pb, nddcd as PbO toground dcciduous Icaf littcr, on scvcral papulation pnmmctcrs, Tlic w d l i c c  wcrc 
m d  in plastic conlaincrs and fcd diis dict Tor448 days, During his iinic, Ilrc following wcrc mcssurcd: 
lifcspm ofgcncntion I ,  mtlsimuni nunibcr of individirals in gcncration 2. and sunivnl of gcncrotion 2. 
Thcsc pnrnmctcrs wcrc dccrcascd 27.68, and N4%, rcspcctivcly, by 12.XOO ppm Pb in Llic dict. whilc 
MOO ppm had no c f f c c ~  

Thc slug,Arlon u~cr ,  wcs uscd as thc icst organism by Mnrigomcz ct al. (19XG) to dctcrniinc tlrc 
cni'ct o h d  on tcrrcs~al mollusks. Ficld collcckd slugs wcrc rcrvcd in plastic boscs and fcd u dicL of 
a pulvcrixd mixtun: of Icttucc. npplc. carrot. und pumpkin miscd will1 PbNO,. Ancr 27 days on his 
dict. tbc animals cspcricnccd a 5 1% dccrcasc in gro\di at IO00 ppni Pb, wliilc 300 ppm h i d  110 c f f c c ~  

'hc  studics indica& a high tolmcc to Pb in dic dicLs ol'dic tcstd ~voodlousc, springtail, and slug 
spccics. Thc discrcp;lncy bchvccn thc Hopkin and Hamcs (1994) and Bcycr and Andcrson (1  985) lcvcls 
of Pb rcquind to clfY'cct thc woodlouse may bc duc to difkrcnccs in bionvailability of Ilic addcd Pb 
compounds, 

Mercury, Thc slug, Ariwr u / w ,  was uscd Llic &st organism by Marigomcx ct nl. (I!") to 
dcrcrminc thc cffcct of mercury (as HgCIJ on tcrrcslrial mollusks, as dcscribcd for Pb. Ancr 27 days 
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on this dict rhc animals cspcricnccd ;I 2G'X dccrcac in bro\vth at 1000 ppni Hg, whilc H g  at 300 ppni 
lied no cffcct 

Zinc. Hopkin and 14,mcs (1994 invcstigatcd Lhc cffccts ofZn (as ZnNO,) in f o d  on survival and 
rcproductian of thc tcrrcstrial isopod Porcclllo scubcr. Thc cspcrimcntd d c s i p  uscd by tlic rrudiors is 
dcscribod in thc discussion of thc cffccts of Cd on this animal. A h r  3GO days, tlic nunibcr of sunliving 
isopods and numbcr of juvcnilcs wcrc dctcrmincd, Survival and numkr ofjuvcnilcs produccd wcrc 
dccrcnscd 100% by 1000 ppm Zn whilc 500 ppm had no cflcct. 

Smit and van Gcslcl (1996) invcstigo!cd thc tosicity o f  zinc clilondc IO llic springmil Folsnmia 
candida in two soils nnd comparcd h c  rcsulls to rcsults from contaminaid sails n c x  a zinc smcltcr. 
ECSOs for thc ctrcct ofdnc on rhc I>opulalion six ofspringbils wcrc 1x5 and 31.18 ppm for thc two soils 
ancr 4 wccks of cxposurc and 21 0 and 3 G  ppm for thc soils i l k r  6 wccks of csposurc. Thc EC50 for 
growth in onc orlhc soils (pH corrccted from 3.46 LO 6 0  with CaCO,, 3% organic mattcr. 1 .?X'X clay) 
\vas 4G2 ppm, i d  an EC5O for growtli could not bc calculntcd for thc otlict soil. In thc ficld soil. no 
rclntionship was obscrvcd ktwccn zinc conccntnLions and cithcr gowLh or rcproduction. 

Zinc (us Zn0)was addcd ID litm from thc 02 Iaycr undcr ~voodltlnds to cvaluatc dic c1Tccts of diet 
mcul on PorccllIDscrrher(Bcycrct al. 19x4). Adult  animals kcpt in plastic boscs wcrc fcd his dici for 
S6 days bcforc survival \vas dcicrmincd. Tic  only conccnualion tcstcd, 5000 ppm, causcd a 26'%1 
dccrcnsc in survival. 

W c r  and Andcrson (1385) a150 uscd Porccllio scahcr in cspcrimcnb LO dctcrniinc dic cfl'cct ol' 
Zn. addcd ZnO to ground dsciduous lcaf littcr. on scvcrill population psnmctcrs, Thc woodlicc wcrc 
rcmd in plastic conhncrs and fcd this dict for 348 days, During this tirnc Llic following wcrc mcilsurcd: 
lifcspan ofgcncration 1, mmimum numbcr of individuals in  gcncrotion 2, and survival of gcncrntion 2, 
Thc rnusimum nurnbcr of individuals in gcncration 2 and thc survival ratc for gcncralion 2 wcrc 
dccrcascd 22 and 27% by IGOO pprn Zn in thc dict, whilc SO0 ppm had no CITCCL 

Thc slug,A~on u w .  \vas uscd ns llic ~ c s t  organism by Marigomcx cl al. (1986) to dctcrniinc Llic 
cffcct ofZn (m ZnCIJ on tcrrcstrinl mollusks, ;IS dcscnbcd prcviously. Ancr 27 d a y  on this dict tlic 
animals cxpcricnccd i\ 38% dccrcasc in b~owth at IO ppm Zn, thc Iowcsi conccntraiion tcstcd. 

Tlic cspcrimcnts cvaluating thc toxicity of Zn to tlic \voodlousc I'orccllro scahcr show n high 
tolcrancc to thc mcbl whcn it is nddcd to Lhc food in solublc form, l l ic  work with Arion CIIW 

(Mnrigomcs ct  at,, 1386) indicatcs lh31 this organism is morc scnsitivc tlian P.  scahcr Lo Zn, On llic 
othcr hand, growth of individual \voodlicc \vas no1 cvnluatcd and may bc morc scnsiiivc tlian sunlival 
and rcproduction, 

Bcn;lo(n)pyrcnc (EM"). "lie wcdlouscf, scabcr was clioscn by van Smalcn and Vcnvcij ( I  991) 
to dctcrminc tlic cffccts of lliis PAt1 on hc soil itnicncbrak communiiy. Polynuclear aromatic 
hydrocilrbons m strongly sorbcd onto soil organic mattcr which scrvcs as tlic main food for mimy of 
thcsc organisms, Adult woodlice wcrc rcarcd in plastic boscs for 28 days and fcd bT0Und poplar lcnf 
liucr mixd  with bcnzo(a)pyrcnc, Growth cficicncy \vas dckrmincd as dry wigh t  incrcasc dividcd by 
nct rood consumption (consumption minus dcfccauon). Rcspindon, food consumpdon, and food 
wimil;rlion wcrc dso mc;Lcucd, Growth cnicicncy ofthc malcs of thc g o u p  \vu rcduccd X2'!4 by 125 
ppm BaP in thc food. whilc 25 ppm had no clfccccl. Gro\tth cllicicracy of llic fcmalcs. rcspiration, food 
consumption, and food assimilation wcrc not aflcctcd. 
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Two isopods, Porcclflo scahrr and Onfscus awfltrs, wcrc uscd by vim Brummclcn nnd Stuij fmnd 
(1993) to dcterminc thc cffccls of BnP on littcr laycr=dwclling soil invcrtebratcs. WcighL nnd Icngth 
changcs and cncrgy rcscwcs wcrc mmurcd in individuals rcnrcd in plastic b o w  and fcd a combination 
ofground poplar lcavcs and ground dog foal spikcd widi BnP for G3 d a y ,  Dry wciglit of P. srahcr \vas 
rcduccd 30% with D dict containing 100 ppm BnP, whilc 32 ppm lind no cfl'cct. Lcngtlr and cncrby 
pcscwcs (lipids+glycoScn+protcin) wcrc not al'fcctcd. Dry wciglit aid Icngtli of 0, usclitrs wen: rcduccd 
5 8  and 48%) wilh n dict containing 3 IG ppm BnP, whilc 100 ppm had no cCfccL Energy rcscnlcs \vcrc 
not flcctcd. 

Tlicsc cspcrirncnu willi woodlice indicatc that growth may bc arfcctcd by BaP ut conccnlrihons 
of about 100 ppm applicd to food, 

pnitrophcnol (PKP). P m a l c c  ct nl. (1993) tcstcd tlic clTccccl~ o f  PNP on survival of ncnintodcs 
and microartbropods in soil microcosms, os dcscribcd for Cu, Thcrc was an ovcragc rcduction of 
opproxirnaLcly 55% in numbcr of individuals of most catcgorics of ncmntodcs (1Lngivorcs. hcrbivorcs, 
hcrbivorcslprcdamrs, and hatchlings) at 40 pprn total PEP, whilc 20 ppm had no clTcct. 7 i c  numbcr of 
individuals of thc bactcrivorc catcgory \vas rcduccd 40% by thc lo\ricst conccntntion of PNP tcskd. 20 
ppm. Total microarthropod numbcrs wcrc rcduccd about 35% by 17G ppm. mainly ;LS thc rcsult of 
rcductions in oribatids, P-nikophcnol u p  to 176 ppm had no cffccr on numbcrs of Mcsodgmata or 
unclnssilicd microruthropods, and dicrc wcrc no Collcmbola ir'crc prcscnL 

Pcntnclilorophcnol. Kanimcnp ct al. (1994) compwcd dic acutc 1ox.icip of PCP in solution 
culture to xwn tcrrcstrd ncmalcdc spccis belonging 10 difScrcnt tnonomic tlnd ccological groups. Tlic 
ncmlodcs and cxpaimcnbl dcsign arc thc s m c  os dcscribcd prcviously for Cd. Xphi#lrnchrrs m c n a ~ .  
Cacnor/rahdiii.s ckc,qan.s, and A c ~ ~ ~ L ' I I I J L ~ s  hsirmhfri had LC, \ i~ucs grcalcr dinn 9 ppm aflct 9G hours 
(Lhat is, cspcrimcnlal conccnuations killcd f c w r  than half of thc ncrnatodcs). LC,, valucs Tor llic 
rcmnining ncmatodcs rmgcd from approximntcly I to 7 ppln PCP. 

Trinitrotoluenc (ThT). Pnrmnlcc ct d. (1933) uscd o soil microcosm LO lcst:hc clTccu ofTNT 
on suniiv;ll of ncmolodcs M d  micronrthropods in soil microcosms. a. dcscribcd prcviously for cu. 
Trinimtolucnc additions up LO 200 ppin had no CITCCL on numbcrs of ncmatodcs. Tohl microadvopod 
numbers wcrc rcduccd a b u t  SX'X by 200 ppm, whilc 100 ppm had no cffcct. Trinitrotolucnc up 10 200 
ppm hod no cffccl on numbcrs of Mcsostigmah, Collcmboln, or unclusilicd rnicronrtlrropods. 
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6. RELATIONSHIP BETWEEN SOIL TOXICITY BEIVCWbIhREiS 
AND OTHER ECOTOMCOLOGICAL CRITERIA 

7'hc Canadian Council of Minislcrs of Ihc Environmcnt lias dcvclopcd Environmcnuil Quality 
Cnlcfia forconminrrlcd sitcs, Thcsc arc "numcricnl limits for conhminants in soil and watcr inkndcd 
to mnintajn, improvc, or prokct cnvironmcnktl quality und liumnn hcnlth at conbminatd sitcs in 
g c n d "  (CCME, lWl)# Rcmcdintion critcri:i arc prcscntcd for comparison 10 Lhc toxicity bcnchmarks 
prcscnlcd hcrcin bccausc thcy rcprcscnt IcvcIs considcrcd gcncnlly protcctivc of human hcnlth md tlic 
cnvironmcnt for Spccifiod usss or soil (in this c;lw Ihc most coiiscrvntivc use-which is apiciillurc-11ns 
bccn choscn) without tiking into account sitc-spccilic conditions. I f  conhrninant conccnlrstions cscccd 
tbc rcmcdiation critcria for a currcnt or futurc land usc, further invcstigntion or rcnlcdiikon is nccdcd. 
Thcsc critcria haw an inkrim status, and final critcria will bc includcd in futurc rcvisions of this 
document. Thcy hasc bccn ndoptcd from xvcral Canadian jurisdictions wd ma+ lack supporting 
nliondc (CCME. 1!)91), Thc rcmcdiillion crilcria m not striclly coniparablc to llic toxicity bcnclimarks 
dcvclopcd Iicrcin bcca~sc thcy also LAC into tlccoun~humrm hcclllli and, prcsumably, plnnLq wd tlic cntirc 
food wcb dcpcndcnt upon thc soit. A comp;rkon of thc msicip bcnchmarks prcscntcd in his r c p n  wid1 
Lhc CCME Rcmcdiation Crilcrh is givcn in Tnblc 3, 

For 7 of 18 chcmicals, onc or both of t!!c soil tosicity bcnclimarks dcrivcd by tlic mctlrcd uscd in 
this rcport is Iowcr him thc CCME critcrion, Thcrc is no indication in ttic sourcc publication as to llic 
Icwl of prolcction k ing  affordcd by llic CCME Rcmcdintion Criteria. tiowcvcr, bccausc huninn hcnldi 
is considcrcd in h c  conscn.aUvc agricufturc Imd-usc sccnario, onc would cspcct it to bc hi&. Tiis Imcl 
of prokction is sccn in Ihc organic chcmicds which ;VE ho\vn to bc toxic 10 niamm;ils ut rclnlivcly low 
Icvcls. 

6.2 COMPARISOK OFTOSICITY BENCl4MARKS FOR CONTAMINAKTS IN SOIL TO 
R1 VM (I\;ETIJ EKLztV DS) ECOTOXI COLOCICA L I NTERVE hTl ON VALI: ES FO R 
CONTAMINANTS IN SOILS 

Thc Dutch National Instituk of Public I-lcalth and Environmcnul I'rotcction (RlVM) dcvclopcd 
Ecotosicological lntcrvcntion Volucs (EIVs) d in t  rcprcxnt conccntrations or conuuninants in soil 
causing SO'%, of tlic spccics potentially prcscnt in an ccoqstcm to cspcricncc advcrsc cffcc~.  (van dcti 
BcrgcLal,, 1993), Thc ElVs hkc inlo account plants, soil fauna. and microorganisms. Thc mclliod for 
dcriving Lhc EIVs is dcxribcd by Dcnncman and van Gcstcl in scvcrnl RlVM publications in Dutch. To 
tclkc Ihc influcncc of soil chnractcristics on dic bioavailability of compounds, dah wcrc adjustcd for 
orgimic m a w  und cloy contcnt as dcscribcd by van dcn Bcrg ct al, (1393), Risks rcsulting from 
biomagnificotion wcrc includcd. 

Although hcsc ElVs arc bawd on purcly "ccologicd" endpoints, thcy mkc inlo account many morc 
typcs oforganisms than Lhc aulhors' cadiworm and microbc tosicit? bcnclimxks, For 
metals, bcnchmuks prcscnlcd hcrcin arc morc conscndvc than thc RlVM ElVs in about half of t l~c 
c a s ,  For orgmic chcmicds, most of bcnchrnuks prcscntcd hcrcin for c;utliwoms urc in fairly good 
ilgccmcnt with thc RlVM valucs, Diffcrcnccs hcrc may slcm from thc RlVM rcpon of vnlucs for 
undcfincd compounds of particular c1;lsscs rahcr than for pnrtjcular compounds. 
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7. COMPPARISOK OF TOMCITY BENCErl[iMAR.KS FOR 
CONTAMINANTS IN SOIL TO CONCENTRATIONS 

01: CHEMICALS IN UNPOLLUTED SOILS 

7.1 COMPARISON TO USGS ELEMEhT CONCEhTRATIONS IN SOILS AND OTHER 
SURFICIAL MATERIALS OF THE EASTERN UNITED STATES 

To placc thc four scls ofcritical valucs into a broadcr pcrspcctivc, soil chcmical conccnuudons arc 
prcscntcd hcrcin as rcpartcd by llic Unilcd S ~ I C C S  Gcologicnl Sumcy (USGS) in a sunq of soils of Llic 
cnstcm Unitcd Statcs (Shacklcttc and Bocmgcn. t3K4 (l'ablc 3). Thcsc saniplcs w r c  coflcctcd and 
maly/d by thc USGS to rcprcscnt. as closcly 3s possiblc, mils  ilia^ supportcd nntivc planls rrnd which 
wcrc uilcrcd vcry liltlc from tlicir nillural condition, 

It is intcrcsting to comparc llic lcvcls of clcmcnts citcd in tlic lilcroturc as tosrc against 
conccntrations of thc samc clcmcnls found in natural (i.c.. not known to bc pallutcd) soils, This 
compnnson is rcnsonablc in most cascs bccnusc bcnclimxki gcncmlly wcrc b w d  on nominal soil 
conccnmtions (ix.. dim addcd 10 thc soil by Ihc cspcrimcnlct) as opposcd to n mcilsurc ol'cithcr told 
conccntdon or ofthc bionvnilablc quimtip of thc clcmcnt in thc soil. Scldom WM tlic bockground Icvcl 
oftlic "contaminant" clcmcnt in thc soil mcuurcd. h c  assumption k i n g  hilt v c p  liulc of tlic clcmcnt 
csistcd nnwmlly in Lhc soil compnrcd IO ucatmciit Ic\ds addcd. This is o h n ,  but not nlways, o 
rcmnnblc wsumplion. llic USGS compilation contains conccnuations orclcnicnls dcrivcd mirinly from 
strongilcid cstractions, nllhough in thc cuc of uranium, ncuwon activation \vns uscd to mcrcwc il tnrc 
total conccntrntion, Valucs for thc cukm Unikd Smrcs wcrc uscd bccousc surficicll dcposits of l l ~ c  
wcstcrn Unitcd Shtcs, cspcci:illy in nnd and mountainous rcgions, may contain unusually high 
conccnuations of nalurdlyacurring trilcc clcmcnts. 

For scvcnl of tlic mcwls, our toxicity knchmnrks wcrc bclo\v (AI, Cr, F, Fc, Mn. Ti, and V) or 
about cqual to (Li) dic gcomctric rncan for dic clcmcnt in soils and surlicinl dcpsit! in tlrc catcm 
Unitcd Sutcs, Tlic Inrgc diflcrcncc bctwccn tlic USGS soil Fc and AI \*olucs nnd tlic Ion' microbinl 
knchmnrk b w d  on a quantity of Fc or AI addcd to soil is likcly duc to thc smng  cstr;ictant uscd in llic 
USGS study, Tic  form of llic clcmcnt addcd or wmc ollicr nspcct of llic mpcrimcntrrl d c s i p  may 
account for othcr low bcnchmiirk conccnuations a!! compnrcd to mcM Ict*cls in soils. 

7.2 COMPARlSON TO DOE OAK RIDGE RESERVATION BACKCKOUKD SOIL 
CHARA~ERIZATION ELEMENT CONCENTMTIOKS IN SOILS 

Thc Background Soil Cliirnctcrizdon Projcct (BSCP) at Ihc ORR  as cshblishcd to dctcrminc 
h c  blrckgound conccnwJlions ol'organics, mcbls, and ndionuclidcs in natural soils that m important 
to cnvironmcnl;ll rcstortllion projccts (Wntkins ct al., 1933), Soils wcrc samplcd. ficld clnssilicd, and 
mdyd  Tor chcmials using xvcml mctlicids. Tlic data prcscntcd in Tablc 3 show thc xihmctie m a n s  
ofclcmcnts Gom 46 s,mpling sitcs. Tlic clcmcnk wcrc csmctcd from Llic soil .mplcs  using niuic acid 
nnd Irydrogcn pcrosidc (EPA f9NQ This standard EPA acid digcstion for scdimcnh sludgcs. and soils 
is not csplicilly mcant 10 cswnct ton1 clcmcnls from n soniplc. A compnnson with told soil 
conccnlntions ofclcmcnts m c m d  by ncumn activation analysis (NM) sliows Ltint for muiy clcmcnu 
(c.g.. Sb. As, Cr, Co. Mn. Si, V, Zn) tlic WN0j-11+32 csvaction nictliod was ndcquntc fix most of h c  
clcmcnts in qricstion (Widiins ct 01,. 1993). Unfortuniltcly, not all clcmctits NC amcnnblc to 
mcasurcmcnt by NAA. 
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8. RECOMMENDAT1O;VS AXD CONCLUSIONS 

Thc valucs prcscnlcd in Toblcs 1 and 2 urc inlcndcd for usc in conhminnnt xrccning during Llic 
tiward idcntificntion (ptoblcm forrnulntion) plinsc of ccologicnl risk asscssmcnts, Chcmiwls widi soil 
conccntrnuons that cxcccd both dic tosicity bcnchmnrks for soil and dic background soil conccnuntion 
Ibr l l ic soil tvpc bm conminmts ofpolcntial conccm, B o c k p u n d  soil conccnmtions liavc bccn dcrivcd 
for thc ORRmd should bc gcncmtcd for othcr Coniprchcnsivc Environmcnhl Rcsponsc, Compcnsniion 
and Liability Act (CERCLA) sitcs iui \vcll, 

For bnsclinc ccolol;lcnl risk iLsscjsmcnL~, and othcr uscssmcnls h a t  may Icnd to rcbwlntory nctions. 
mssors should consull thc primaly sourccs of tosicity data and llicn dctcnninc Llic appliwbilily of tlic 
data to lhcir spccific sites. In addition, asscssmcnb should not rcly on labralory toxicity d m  only. 
Whcrc toSicily 10 soil invcrtcbratcs is suspcctcd. toxicity tcsls should bc pcrformcd with the 
conminatcd soil. In addition. Ihc i1bund;uicc of cadiworms in IIIC soil of P pmicular sitc, dctcm7incd 
during colfcction ofciutliworrns for clicmictll analysis, may providc P rough indication ol'lhc likcliliood 
of soil toxicity. 
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APPENDLK C 

TOSXCXTY DATA FOR OTHER SOIL AND LITTER INVERTEBUTES 
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