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Introduction

nw majority 01 water qualify stan:lards pr8S8t1tIy ate
based on lhe IOxlcily of chemicals to Ol1Ianisms exposed
on dean Labofatofy dilution wawr. ThIs ralJOnaIe does not
lake hlo accoum tI'llil Inter~ of dwmicaIs wflh
natlnly 0C0JIMg orgark: compounds found In~
ec:osySl8mS.. DIssoIwd humic matenals (OHMs) ani

ublqufloua oompollenls 01 lhe chllmIcal maw of
lrutrwal8t ecosystems and can alf8Cl the avaiability and
toxicity of chemicaII i'\ !hi~

SInce IwJmlC-lyp8 oompound$ are 'Oqlldou$ In alJJaDc
ecoS)'S*T\S. lhe IOKiCClIOgICal consequences of chemical
In1efKlion Wdh OHMs nave been studied IIo'ht1 a variety
oj compounds. OHMs may complex wilh If'IClIO'lI"ic as
WIllI as~ enw'ormental c:cntarnInant5. lheroby
attecung ttw~ SW8 of these c:hemlcaIs
(BoeIwTl and Cum 1973; Benes et aI. 1976: Polfrier el
at. liBl) The mectIanisms IflYOIved are not dearly
undltmood and Ihe blnding $lfength5 between !he
etlemk:all and humic matenals wit vary depending on the
nature 01 the chemteaJ and on !he geoeraI composition 01
!he aqualic maw. Through complexation and blndk'lg,
humic materials can enhance the water soIubill1y of
organic compounds (Gleuing Ifld BargUnd 1981:
Carbtrg and M81tlnHn 1982; Cai1er and Sufl81 1983;
Means and Wijayaratne , 982). For example, Chiou el aI.
(1i87) demonstrated water solubility enhancaments 01
polyc:hlorinated biphenyls (PCBs) and DOT by aquatic
humic materials as well as commetdally available HA.

The loxicologlcaJ consequences of humic-metal
Interactions have long been recognized. The inftuence of
humic malerlals on the uptake, acalmulation, and toxicity
of hlIavy melals has been elflensively sludied over the
pasl decade (GaNey al aI. 1991: Giasy elal. 1977; Hung
1982: Winner 1986: Stackhouse and Benson 1988:
Stackhouse and Benson I98Q). On the other hand,
studies on the lnftuence 01 humlcs on the toxicity of
organic envttonmental conlarTlinants are sparse. 11 has
been demonstrated lhal OHM reduced the
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l:ioc:::onl»nV of PAHs by the lreshwa!er c;ladoceran,
~ m.;agna~~ ..ImeneZ lQ85) and
bIuegII sunIlsh~ lit aI. 1983). In acXItion.
Carblrg et Ii. (1118&) llhovrMd that II8I1.nIIhumus WOllef
can reduce.. bloavaiabiity of sallIded tric:NorophenOI
iIl'ld i'Idane. StrNart (1i84) has~ lhat OHM
llI"lhancecl\he toxicity of o-aesol, 2,.-drnethyIpt-eno, <WId
2,3,6-1rrn8thylphenoI while reducing Ih8 lOxiQty of P'
benzoql.w1onI and qLftJh. Recently, Benson and
Long (1fi1) and onaga and Benson (1fi2) report:8d that
IIJmic-toldcant iMrac:lionI ca'l aIt8f Ih8 toXlClly of

pes"'"" lW'd that !he mem of aIIeratlon Is dependefU
on \he IIOUI'Ce of OHM.

The mIjority of humlc-toxicant inWac:bOnS have been
modeled based on \he ruuIU of studies wrth
convnetdaIy available HAs. The.tvamages of using
commlll'cialIy avaBabIll HAs 18la\8 to !heir cost and
avalability. However, Mak:oIrn and~ (1986)
reponed that c:ornmercWy available HAs litf&r chemIcaIy
Irom OHMI IsoIat8cIIrom soil and aquatic llCOsysteml.
BaNd on c:hlImlcaI c:haraclerizatI v\a aoss-polarizalioo
and magic-angle spimlng '3c nuclear magnetic
resonance spedJOSalpy and elemental and Infrared
spearoscopy, it has been postulated that commercialy
available HAs are FT'IOIW hydrophobic as compared to their
soil and aquatic oounterpart&. Consequently,
comrnefl::ially available HAa may clfflll' s1grVflcantly Irom
soil and aquallc t.lmlc alftntCll in \heir abWity to~
wtth toxIeants. Several studies aupport this conclusion.
For example. Chiou et aI. (1987) demonstrated that
commercially availabkl HA enhanaKllhe apparent wa\8r
solUbility 01 selected organic solutes to a greater elf18nl
than did dlaaolwtd organic matler 01 water and aquatic
humic extraels. Sflrvos el aI. (1989) d&monstralBd that
commerclalty avallable HAs ell9d the uptake rate
constants or polychlorinated dioxins In rainbow trout
dlllerenlly \han do dluoIved organic materials from
natural lake water. Commen;:lally available HA reduced
!he uptake rate constant whereas HAs h'om naturallak8
water f\ad ~lIIe ertad. AI a reault at dwtmicaJ iU1aIyses,
Malcolm and MacCattIty (1 Q86) concluded thaI use 01



commercially available HAs may not be antab18 as
analogues 01 soil and will8f humic substances because
lne R:reased hydrophoOiaty and a lack 01 i'1totmation as
10 1OUI'C8. meltlod 01 isoIaOon. or other pretreatmen1 of
ltIe OHMs.

Bec:ause of lhlt broad ao:;:clIpW1C8 and appication 01
peslicxIes. concem 01 enWoI mel ItaI exposure is
warr.JrlIed_ Nurr1etous stulIes ha.... doc:um8nUId
conta1JwloI1Ion 01 aquatIC ecosyaams rwionaIy
(WIemeyer 8t aI. Hlse). as 'ftI as in the Mid-5oulh
(Smith et aI. 1987), Induding u.,..*&Ippi {Cooper lK aI.
1987}. CIear1y. an ooder'Ilanding 01 lJlI inftuence of
humic substances on lhlt IOIdcity of pestidcles becomes
impefatMI II _ ate 10 n'Iallknize agrIwIturaI produdion,
while instituting safeguards necessary to mU1tain
reasonable and proper environmental tMIaJth.

In view 01 the above oonSldelatiOns, an investigation was
eondUCled 10 evaluate !he toxicological oonsaquences of
humlc-pestlcide interaetlons on the fale and elleets 01
agricultural chemical. u.lId IKtensive/y In Mississippi and
lhe South Atlanllc-Gull Region. Tho first specific \aSk
Involved In the accomplishment of this objective was to
evaluate the Influence 01 humic mate~ on !he aane
10xlcity 01 a suite 01 pntlcides. A bioluminescent &triIIl
of b&cteoa {Photobaaenum phospIlcteutrIj was utilized
as a sensitive, low cost. and standardized saeeolng
ptooedure 10 evaluate humlc-pe11lcide Wrteractions.. Ths
saeening procedure has undergone eX18n1r\18 evallWion
WIth a vaJiely 01 environmental IOxicants and results
compare CIUlla f3'o'01'abIy wi1tl those otrtainecI usi'lg
frestrwelar nvanabrate and wrtatnte speoes (Bulictl 8t
aI. 1981: l.ebsac:k 81 aI. 1981: Curtia It aI. 1982; 0urnhI
lK al. 1982: DeZwan and Soofl 1983). The $8COrld
spedIic task was 10 exarnane lhlt inIIuenc:e 01 citter8m
5OI.WteS 01 OHM on the IoIUClIy 01 pestICIdes

Ulit..ta!s end Methode

Selection 01 P!5tiQcles

Commercial pestlc:lde formulations were provkjed by the
Mis$issippi Stale ChemIcal Laboratory (Or. Larry G. Lane.
Olrector, Industrial and Agricultural SeMceI). The
seleclion 01 peslicldes was based upon extensive UIII In
MlssissippI (Mlulsslppl Cooperative Extension 5ervIce
1985) and the South Atlantlc-Gulf Region (Gianessl81 aI.
1989) as well as toxicity 10 aquatic otganisms (Johnson
and Finley 1980).

Preparatioo of OltSQlved Humic Material

Commercially avallal:lle HA was obtained ffOm Aldrich
ChemicalCom~ (IOdIum salt). AIdric:h HA Is reported
10 be ollerrestrial~ (Chiou el aI. 1986). The o1her
OHMs used in Itw PfOtect were obtained from the
Intemational Humic Sutmances Society (IHSS) and _re
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IsoIaled from SUwanee Aiwr water. Ftnal nominal
c:onc:entrations 01 OHM Iested were 0, 0.5, 5.0, SO. and
100 rngIL The 0.5 mgtl HA COht"'baliorl reprnentll Ii

prietIne. but yet natural wal8l" source. ¥He 5 mgIl is the
a\I8I'agII concentration ol HA in IUf1at:e waters
(Neubecker and AIen 1983). n.hIgMst etll .... lb ..bonS,
50 end 100 mg HAIL. occur n"bIackWOit8r 1ySt8mI-, .such
as swamp. ..... marshes (Sl8Watl 19&4).

Bat:teriaI~ UIa'p __ conduclliJd
HII8I'I1IaIty as desatIetI by BuIc:t1 and lanlerv (1981).
Saline IlJSP8l"ISions c::onW1ing approdmas8ly 10' colony.
IomWlg Iris (CFU) of the IUn'lNscent bacterium
Pnorobllct8rium phosphorBum (NRRL 811177) W8fV

el(JlOsed lor up to 30 nWI at 150C 10 selected
ooncenlJaIlons 01 pestlclde in the prdItr'IC8 ol O. 0.5. 5.0.
SO, and 100 mg OHMIL Bioluminescence was monilored
al O-dme and arter 5, 15. ar'(I 30 min 01 expoaure 10
pesticide using a Mod9l2055 MlcrolOx Toxk:lty Anatyzer.
Such a procedure perml"ed examination 01
concentratlon- and Ume.foxici!y relalionshlps.

Analysis 01 Dala

EIIim.e 01 the EC50 wera obtained UIlng Mnear
regression ana/ysa$. The percent Inhbition 01 Iigltl
emitted aI each humlc-pestic:ide concentralion and time
point was 0llflWl'l9tl 10 a gamma value wtidllS delhed
U 1hlt ratio 0I1igh11ost 10 light remaining (JoMson 1974).
Values of gamma __ caIc:uIat8d as a Iunction of
pesllcld8 COI'IC8rlInIIio and 1hll ECSO was detunnlnetl by
lhe Intenet:Uon 01 Ii besl fit with gatnmlI equal 10 1.0. A
mathematical procedure based on ReIer s lh80rem
(Rmey 1*) was used 10 caJcuIaW is%- conIiOen08
intMvalllor ead1 esUnaIe of !he EC50 u*lg a compu*
program (Mlcrobic:I CorporabOn).

........
Results are presented lor experiments which IoaJsed
on the evaluation 01 the inI1uence of humic materlals
on the acute Ioxicity of a suite 01 pesticides. In
addition, dala are presemed lor investigations whlctl
focused on the Influence of different sources 01 OHM
on the toxicity of the pyrelhroid lrl6ect1cldes.
lenvalerate (Pydrln) and permethrln (Ambush).

Influence of OHM on the ToxldtY 01 Pesticides

A combination of antagOnistic and synergistic effects
01 commercially avanable HA was observed with
organophosphate (Table 1) and carbamate
insecticides (Table 2). For 8ICample, Ihe 30 min ECSO
value lor azlnphos-mettly1lncreasad ITom 0.409 mgIL
(0 mg HAIl) 10 0.783 mgII.ln the presence of 100 '"9
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HAIL Ukewlse. with ChlOrpyl'i1os. the respective ECSO
values (30 mIn) lor O. 5.0. SO. and 100 mg HAIL were
5.8-4. 7.09. 10.1. and 9.13 m¢.. Conversely. the
toxicity 01 methyl parathion was enharlc9d by the
presence 01 humic material. The 30 min ECSO values
for melhyl patathion were 0.512, 0.293, and 0.372
rn¢.. In the presence 01 O. SO. and 100 mg HAIL,
respedlve!y. As with methyl parathion, HA appeared
to enhance toxicity 01 the casbamate lns8ctIcIde.
cartlaryl, In a dose-dependent manner. However,the
30 /TUn ECSO values lor ca:rbatyl at 0.5, 5.0, SO, and
100 mgIl were not slgnifIcantIy difletllfl1 from control
(0 mg HAIL). The toxld1y of C3J'b0luran was reduced
by low concentrations of HA (O.S and 5.0 rT9l),
however, no sub&tantiaI dillerftl'lC8$ were observed in
the presence of 50 and 100 mg HAIL

The pyrethrod 1nseaiacle5 exhibited iii considerable
degrH 01 toxicity In the bacterial bioluminescence
Inhibi1Ion assay (TabI& 3). The 30 min ECSO vakJes
lor lenvalerale and permethnn were 0.580 and 1.24
mgIL respedive!y. A time-dependent decrease In
toxicity of both pyrethroid insecticides to
PhotobactfHiJm phosphoreum was observed. For
axampIe, the ECSO vUJe lor lenvaIera!e increased
!rom OAG(~ at S min 10 0.580 mgIl by 30 min 01
exposure. likewise. the ECSO vUJe lor" pIIllTlelhrin
increased from 0.980 mgIL (S mi"l) to 1.24 mg.1.. (30
min). Regan:llng the lntluence 01 comm81daJly
avaHabie HA on toxicity, HA sigrifican1Iy decreased
toxicity 01 the pyrethroid ins8clicid8s in a dose
dependent manner. In lhe presence of 0, SO, and 100
mg HAIL. the 30 min ECSO values for lenvalerate
were 0.580. 0.941, and 1.73 mgIL. respectively. For
permethrin, ltI& respective ECSO vaIue:s (30 min) for 0,
SO, and 100 mg HAIl were 1.24, 2.72, and 4.72 mgIL
Thus, the presence of HA (1 00 mgll) reduced toxlcity
of the pyrethroid insecticides 3.0- to 3.8-lold.

Compared 10 the insecticides examined, the triazine
helblcldes were considerably less toxic to
Phorobacteoom phosptJoreum (Table 4). The 30 min
ECSO values (0 mg HAIL) for a!razine, cyanazine, and
slmazlne were 82.4, 62.2. and 242 mgIL As with the
pyrelhroids, commercially available HA had a
signiflcanl Influence on 10Xic!ly of the trlazines to
Photobacterlum phosphoreum. The presence 01 50
mg HAIL reduced the toxICity 01 cyanazlne and
,Imazlne by factors 01 1.6 and 2.8, respectively. A
concentration 01 100 mg HAIL reduced !he toxicity 01
atrazine. cyanazlne, and ,imazlne by lactors 01 3.4,
1.9, and 3.2. respectively.

The 10xlclty 01 glyphosate was significantly enhancad
al 0.5 mg HAIL while a signiflcam rllduc1ion In toxicity
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was observed alSO and 100 mg HAIL (Table 5). The
30 min EC50 vaJue8 for glyphosate were 25.5, 10.5,
106, and 112 mgIlln lI1e pr&6enc8 01 0, 0.5. SO. and
100 mg HAIL, respectively. CommerdaDy available
HA had no signillcanl Influence on the toxicity 01 the
hefbicides, MSMA and pentachlorophenol, and
trlfluralln by 30 min exposure (Table 5).

InfIu!nce of Dill,rent Souqs of OHM on ToxICity

Data on the effect 01 different sources of OHMs on the
ECSO estlmal8 lor permethrin are presented In Table
6. Commerc:ially available HA decreased the toxiCIty
of permettvln by appnlxlmalefy 2.2- and 3.8.fo1d at SO
and 100 mgIl. respec:tivefy, ahllf 30 min. Aquatic HA
and FA &ignifIcantIy rMIUced the EC50 estimate of
permetIvin at aI concentrations examined; however.
d'MI magnitude of toxlaty redUdion was not as great as
with commerdally·available HA.. For aquatic HA (30
min) toDc:ity was reduced by 1.2-, 1.3-, and 1.....101d 101'
0.5, 5.0, and SO mgIL. respecllVeIy. RespectIVe
conc8l'1b"3Dons 01 aquatic: FA decreased the IDXiaIy 01
permethrin by 1.4-, 1.3-, and l.3-lold (30 rrm).

Dlocuulon

A combInatlon 01 amagonIstlc and syneflJistic effects
was observed WIth the organophosphate and
carbamate lnsecdddes. Slmilar1y, In acute algal (4-hr)
bioassays. Stewart (1984) reponed an1agOl'llStlC and
synergistic elleas of OHMs. When OHM was present.
c:ornpouncIs In an anillnfl metttyWion series became
more toxic (1.1- to 4O-1oId). In addition. OHM
Increased the toxicity 01 o-c::resol, 2,4-elimethytphenol,
and 2.3,s-trimethylphenol (2- to 5.4-loId) but reduced
toxicity 01 p-benzoqulnone and qulnoil'le by factors of
6.1 and 1.2. respectively. In the present Investigation.
commercially available HA slgnlllcant!y deaeased the
toxld1y 01 both azlnphos-melhyl and Chlorpyriloa. while
the toxicity 01 methyl parathion was enhanced In the
presence 01 oomlc malerlals. On the other hand, a
clear Indlcatlon 01 reduced 10xlcity, In the presenc8 01
HA (100 mgIl), was observed with the pyrethroid
insecticides (3.0- to 3.8·fold) and trlazlne herbicides
(1.9-10 3....fold), As with the organophosphate and
carbamate Insectlcldes, a combination of antagonistic
and synergistic effectJ was observed with glyphosate.
In addition, the Insec:tlcldes examined were shown to
be considerably more toxic than the herbicides. This
finding is conllstem with Inlormatlon available In fish
species (JohnlIOn and Finley 1980).

Regarding pyrethrold Insecticides, the humlc-toxlcant
imeraCIIons appeared to be compound specific. For
example, fenvalerate and permetMn raaeted



differently 10 the same source and concentrouion of
OHM: !he reason this occurred Is unclear. The
compounds are smilar in structure, as are aI of the
pyrettv'Oids. but with some Imponant dll1erences.
FenvaJerale posseuell a cyano substituted
phenoxyphenyl grotJP and a dlIorine substibJled I
methylethylbenun. group 1(±)-a-cyano-3
phenoxybenzyl (±j-(l-2.( '·chlorophenyl)-3
methylbutyralej. Permettvin lacks a cyano group on
the ~xyphenyl group and has a dict'rbcvinyI
dimethyl substituted cyclopropane Instead of the
c:hIorine substiMed 1-l'l'H!tthylethylbenzene group 13
phenOxybenzyl (±)c:la. trans-3-(2.2-dic:hlorcvlnyf)-2,2
cfll'Tl8thylcydopropane carboxylatel. The dlfler&r1C8S In
Chemical st1UCtIJre restJllln differing biological effects
and, thus, fenvalerafl Is classified as il type II
pytehroid and permethrin a rype I pyrethrold. ThIs
classifICation is based on signs 01 poisoning. h Is
probable that this difference In chemICal structure Is
responsible for the observed dillerences in humic
toxicant inferaCfion.

Additionally, a t1me-dependent decrease In toxicity. as
evidenced by an Increased ECSO from 5 to 30 min.
was observed with both ferrvaJerate and permethrin
(Table 3). A possible explanaUon could be OHM
mediated hydrolysis or bIodegrada1km of fenvaJeratl
and pennethrin. l.lu el at (1983) have reported FA·
enhanced biodegradadon of synthetic organics.
Additional explanatlons could be the loss of volatile
organics from the formulated pestldde or an increase
of OHM-bound pestidde wrth lime. Several studies
have indicated that a temporal relationslip exists
between HA expostJre and maximaJ IwJlTUC-toxicant
Interaction. For example, Karic:kholl (1980) proposed
two types 01 binding of c:onwninants to sedments, a
"last" and a "slow" component. McCarthy and ..Imenez
(1985) indlcaIed that "bIndJng" of OHM to
benzo(aJpyrene (8{alP) wu a type of "last"
association taking 5 to 10 min. However. these
Investigators could not rule out further irneraction
IncflCative of ltHt "mw- type between B[a]P and OHM
giver! a longer COntad lime. Indeed. Johnsen (1981)
has Indicated thai the time 'or PAH-humic Interactlonl
to reac:h equilibrium may take lOnger than 70 d. GIViln
the lime-dependem toxicity reduction observed In the
presem investigation. within 1S min In some cases, it
is possible that the reduction In toxicity was due
entirely to the "fast" component of OHM-toxicant
"binding·. However, the "$low" component may have
been responsible for the toxicity reduction observed 8t
30 min.

Contacl: time-dependent "'bInding" of toxicants wtth
OHM may occur, In part, becau&e such Interaction Is

27

dependent upon the charge-transfer Interaction
(elecuon donor-acceptOr complex formation) between
OHM and toxic:ant. The charge-transfer type of
Interaction has been postulaled for organic molecules.
speclflcaJty chIoranil. and humIC maleria1s, but was
de:saibed as applicable to other organic moleaJln.
Humic-chloranil 1nteraclion was reported to nave
c:ontnued over several weeks. agU'I Indicating a
temporal relationship in humic:-toXJC8l'll. Il'Iteracbons
(Me6c8r et aJ. 1987).

In a relaled study. the elfect of naluraJ wal8f source
on th8 toxicity of a series of substlMed chlorophenoIs
was studied also utilizlng the Microrox assay
(Cunningham et aI. 1986). With three of the lour
compounds tested. the walei'" source was responsible
lor a significant reduction in loxiclty as evidenced by
an Increue In the ECSO estimate. The reduction In
toxicity was traced 10 specific compound
characteristics and the naNre and concentration 01 the
DOC In one of the water sources as determll'lDd by
fluorescence $p8CIroscopy and fingerprinting by
pyrotytlc gas chromatographyfmass spectrometry.
However, only a 1S min time point was used In the
Mk:rotox assay, so that any relationship between
contact time and toxicity reduction could not be
......od

Aergardlog the infIuenca of tillerent sources 01 OHM
on toxicily. results Indicate that humic-toxic:am
Interaclions can alter the toxic:ily 01 pyrethtoid
insecticides. Furthermore, the extent 01 alteration was
d8penc\eflt on the source of OHM. With perTnethnn.
commen::ialy avaiable HA had a muc:tl greater
Inftuenc:e on toxicity than either aquatic HA or FA.
Garvey et at. (1991) found the samtI trend In a study
Investigating the ellecl 01 terrestrial HA. and~
HA and FA on copper toxicity In algae. When
deflagelabon of the algae was used as the Indicator
of toxicity, it was observed Ihat terrestrial HA
deaeased tox.lcity by the greatest factor followed by
aquatic HA. Aquatic FA had no effect on the toxicity
of copper to the algae. RDSlJJts from the presem
Investigation support these findings. The Inability 01
aquatlc FA to affect the toxicity of the pyrethroid
Insecticides was expected. In a study to quantitatively
me88ure the binding of PAHs and pesticides to OHMs,
Carter and SUlfet (1983) demonstrated that HAs
showed a greater bInding tendency than FAs. Results
from the present Investlgatlon stJpport this finding.

,



Tables

Tabl. 1. :ItlUu8ne8 ot ccmDercially avaUabl. huaic aci4 (HA) on th. toxicit.y ot
••l.ct.ad orvaDOpho.pbat.. iu.ect.iei4••

:I.l:I..ec~icid. -or RAIL ."'" " "'" " "'"
A&lnpho.-..t.hy1 , 0.351 0.370 O.foOll

(0.327 0 0.3771 (0.lfo1 0 0.fo02) (0.315 0 O.f.UI

,.. 0.fo5fo~ .f.n 0.551~

(0.3U - 0.531) (0.3" 0 0.5117) (0.U5 0 0.6701.., O.foIS~ O.folll~ 0.5611·
(o.fon - 0.532) (0.f.56 0 0.5UI (O.Ufo 0 0.611)

" 0.5IU~ 0.5112~ 0.'31~

(0.511 0 0.6511 (0.515 0 0.611) (0.552 0 o.nll

'" O. 75fo~ 0.752~ O.;ll~

10.710 - 0.1011 (0.670 0 O.US) (O.Ul. 0 0.U21

Chlorpyrito. , 3.86 fo.n 5.'"
(l.Sl - fo.251 (fo.27 0 f..lIlI) 15.f.S - 6.26)

,.. 6.65- 6.U 1.13
(5.62 - 7.15) (f..16 - 7.77) (6.0fo 0 10.1I).., 6.35~ I.JJ· 7.01l-
(5.7fo - 7.0f01 {5.711 0 6.nl (I.U - 7.7lI)

" 6. 6lI~ 7.55- 10.1~

(6.23 0 7.U) II.lIlI 0 1.15) 11I.2lI 0 11.1)

'" 6.37- 7. ~n- '.13-
Is.n 0 6.171 (6.7lI 0 I.UI 11.2J 0 10.11

ktt.byl.. par.t.h1on , 0.5f.3 0.505 0.512
(0.U8 - 0.5112) (0.f.67 0 O.Sf05) (O.fo66 - O.sUI

,.. 0.363~ O.JU~ 0.36S~

(0.323 - O.foOll 10.318 0 0.f.121 (0.J20 0 O.foU).., O. 311S~ 0.f.03- 0.3711·
(O.3lS 0 0.U5) (0.325 0 0.501) (0.308 - O.fo57)

" 0.27S~ 0.3U~ 0.2113·
(0.2U 0 0.301l) (0.270 0 0.365) (0.2.!1fo 0 0.3381

'" 0.3fo2~ 0.379~ 0.372·
10.l05 - 0.3UI (0.326 0 O.f.U) (0.325 - 0.fo25)

• S1qait1caJl~ly differ.at. lrca control " -: HA/LI. p • 0.05.
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~abl. ~. rQtl~.Qc. ot c~relally available hwaie aeid (HA) OQ the
toxicity of ••l.et~ earbamate iQ••ctlcide.

Ln••cticid. IDIiJ RAllo 5 mi. 15 m.in 30 m.iQ

Carbaryl 0 , .00 '.28 3.U
(].87 - '.13) (3.67 - 5.00) (3.14 - , .81)

0.5 ,. ~9 '.30 '.37
(3.90 - '.72) (3.9:l - 4.71) (3.96 - 4.83)

5.0 4.06 '.05 '.54
(3.37 - 4.89) (3.15 - 5.03) (3.81 - 5.41)

SO 3.73 3.U 3.7:1
(3.'5 - '.02) (3.39 - 4.01) (3.38 - '.09)

100 3.1'- 3.31- 3.:15
(2.95 - 3.39) (3.12 - 3.51) (3.04 - 3.")

Cartlotll.rlUl • 0.8U 0.7:1' 0.697
(0.692 - 1.03) (0.5" - 0.959) (0.512 - 0.949)

0.5 1.U- 1.02- 1. 01-
(1. 07 - 1.20) (0.984 - 1.06) (0.980 - 1.05)

5.0 1.55- 1.62* 1.53-
(1.28 - 1.88) (1.36 - 1.92) (1.27 - 1.83)

SO 1.14 0.944 0.721
(1.00 - 1.31) (0.877 - 1.02) (0.671 - 0.775)

100 0.957 0.791 0.751
(0.906 - 1.01) (0.7:12 - 0.8(7) (0.648 - 0.871)

- Sivn!U.clUltly <Uff.r....t frCllll. control (0 JOg RAIL), P < 0.05.
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Tabl. 3. Int1u.IlC' ot cOIllIMrciaUy ."aUabh bu.-ia aaid (HA) on tb.
toxicity ot a.l.cted ~.throld iD..ectlcld••

In••cticld. IDll' HAIL ."'" 1S "'" 30 "'"

.,Il."al.rat. • 0."'• 0.516 0.510
10.U5 - 0.5.9) 10 •• 57 - 0.5U) (0.510 - O.Ul)

••• 0.U3 0.510 0.5]]
10 •• 01 - 0.535) (0 •• " - 0.512) (0.u.0 - O.'U)

••• 0 • .571 0.607 0.U7
(0.52& - 0.637) (0.52' - 0.6") 10.565 - 0.7")

" 0.919- 0.'67- O.Ul-
(0.714 - 1.091 (0.'11 - 0.92') (0.'66 - 1.0:2)

'00 1.:2'- 1 .•5- 1.73-
(1.17 - 1..0) 11.3:2 - 1.591 (l.U - 1.'5)

P.~t.hriD. • 0.910 1.07 1.:2.
(0.910 - 1.0') (D.'" - 1.111) (1.15 - 1.3.)

••• 1.17 1.33- 1.5.-
(1.0. - 1.3:2) (1.:21 - 1.U) (1 ••:2 - 1.66)

••• 1.1'- 1.32 loU
(1.11 - 1.:2') (1.11 - 1.57) (1.31 - 1 • .57)

" :2.13- :2.3'- :2.72-
(1.99 - 2.:27) (2.16 - 2.$1) (2.56 - :2. If)

100 3.'1- ".:2,- •. 7:2-
(3.:22 - ••75) (3.5' - 5.171 13.87 - 5."")

- siqu1tlcantly dill.rant troa control (0 IDll' HA/I.). p 4 0.05.
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Table 4. Int1uenco ot commercially available humic aci4 (HA) on the
toxicity ot .e1ected triazine herbicide.

Lumineecence Be50 (moIL) with 95% confidence l~t.

Herbicide lllg HAlt 5 min 15 ain 30 ain

Atraz1ne • 85.S 73.9 8:1.4
(74.6 - 97.9) (U.7 - 84.61 (75.4 • 90.1)

'.5 95.1 8:1. 5 86.5
(80.2 - 113) (69.5 - 97.9) (7 •. 9 - 1001

5.' '" '" '"(S2.7 - 1:18 ) (77.2 - 1501 (84.0 - 1361

50 74.1 113- m
(60.4 - 90.8) (89.7 - 142) (85.1 - 13S)

". 232- 234- 2S0-
(201 - :169) (:108 - 263) (:lU - 316)

C'yllDaz1J:le • SO.5 88.9 S2.2
(73.5 - 88.1) (81.9 - 96.7) (74.6 - 90.6)

'.5 81.2 86.0 81.9
(68.2 - 96.7) (76.4 - 96.8) (68.8 - 97.6)

5.' 96.0 U.S " .0
(85.7 - 107) (SO.3 - 111) (89.5 - 105)

50 146- l:1S- 135"
(119 - 178) (103 - 159) (116 - 157)

". :150- 217" 156"
(181 - 3U) 1166 - 283) (114 - :iIl3)

81mazille • m '" '"(177 - :150) (15:1 - 214) (:107 - :114.)

• .5
m '" ".

(:iIl3 - 31.1) (210 - 317) (114. - 313)

5.' m 255 '"(179 - 381) (lS0 - 373) (185 - 359)

50 538" 5:16- 674"
(37:1 - 778) (3U - 720) (n3 - '59)

'00 838- 690" 777"
(577 - 1:117) (US - 9S11 (517 - 1167)

.. 8io;ruJ.tic&J:lt1y d1tterent trom control (0 IIIfil'HA/L).p<: 0.05.
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'l'llhl. 5. I.nflu.nc. of cOllllDercially avail4lbllil hUlll.1.c acid (HAlon tll.
toxicity of ••11ilctlil4 h.rbicid••

LUlll.1.n••CliInCliI BC50 (mq/L) witb 95% con!idaac. limit.

R.rbicid. .. HAIL , ";0 " """ 30 min

G1yphollatll • :il6.8 :il6.5 :il5.5
(:ill.' - 33.51 (:iI:iI.O - 31.8) (:ill. 1 - 30.8).. , 10.8- 15.5- 10.5-
(9.07 - l:z. 7) U:iI.1 - U.S) (8.86 - l:z .'1

,.. :iI'.O :ill. 8 :ill. :iI
(18.9 - 30.5) (17.' - :il7.:iI) (17.0 - :il6.')

" 93.1- 108- 106-
{56.0 - 1551 (67.9 - 1711 (63.0 - 178)

'00 65.5 7'.3 11:i1-
(:Z:il.8 - 185) (31. , - 1761 (5'.3 - :iI:iI9)

• 80.0 76.3 74.1
(68.7 - 92.') (66.9 - 87.0) 1U.S - 85.1).., 65.8 64.' 6:i1.6
155.5 - 76.5) (!!!!1.1 - 75.2) (53.7 - 12.9)

,.. 59.0 12.9 68.6
(63.!! - 75.0) (68.9 - 77.:iI) (6'.1 - 73.4)

" 82.3 81.' 82.'
(12.3 - 93.7) (71. 9 - n.l) (72.5 - 93.7)

'00 88.9 87 .5 83.8
(79.1 - 99.8) (78.0 - 98.') {69.7 - lOll

P.ntachloroph.nol • 1.:il0 1.85 1. 60
(1.97 - 2.47) (1.65 - 2.07) (1.'3 - 1.79).., 1.74 1. "

1.59
(1.38 - 2.21) (1.31 - 2.10) {1.31 - 2.181

,.. 1. 61 1.53 1.51
(1.27 - 2.05) (1.18 - 1.981 (1.16 - 1.97)

" 1.7S· 1.63 1.59
11.67 - 1.90) (1.53 - 1.73) (1.51 - 1.67)

100 :iI.OO 1.63 1.61
(1.89 - ].10) (loU - 1. 79) (1.47 - 1.76)



Table S. Influence of comm-rcielly aveilable humic acid (HA) on tbe
toxicity of .elected herbicide. (Continued)

Lumine.cence BC50 (moIL) with 95% confidence limite

Herbicide IllQ' HAIL • mJ.. lS lIlin 30 mJ.n

't'rifluralin 0 3.S6 3.65 3.33
(3.22 - 3.9.) (3.U - 3.840) (2 • !ill - 3.73)

o.• 3.02· 3.00· 3.0S
(2.92 - 3.U) (2.n - 3.0') (2 • !ill - 3.13)

'.0 l.U 3.0S· 3.12
(3.03 - 3.25) (2.93 - 3.17) (2." - l.26)

" 2.92· 3.0.· 3.00
(2.715 - 3.10) (::l.86 - 3.23) (2.840 - 3.17)

100 3.08 3.02· 3.U
(2." - 3.231 (::l.91 - l.15) (3.02 - l.27)

• Significantly different from control (0 mo HAIL), p < O.OS.
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Tabl. 6. xntluanca ot dittarant .curc•• ot 4L••ol.e4 h~c
-at.rial. (OHM) on the toxicity ot peraethriD (Ambu.hl

ee-.reial
huaie acid

AQUee1e
hua1e .eid

Aquatic
tul.ie acid

OO'L

,
,..
..,
"

'00

,
,..
..,
"

,
,..
..,
"

0.980
(o.no - LOU

1.17
(1.04. - 1.32)

1.19
(1.11 - 1.21)

2.13~

(1.lI'1 - 2.271

3.91
(].22 - •• 751

o.lIiO
(o.no - 1.061

1.24.~

(1.16 - 1.321

1.27~

(l.09 - 1.4.71

1.29~

(l.a - LUI

1.68~

(1.52 - 1.171

0.'180
(0.910 - 1.06)

1.28
(l.22 - 1.3.)

1.21~

(1.06 • 1.38)

1.28
(1.15 - 1.U)

1.36
(1.30 - 1.'3)

1.07
(O.U' - 1.U)

1.33
{l.U * 1.UI

1.3<1
(l.U - 1.571

2.3'·
(2.26 - 2.511

•.2'·
(3.56 - 5.17)

1.07
(O.'" - \.11)

1.36·
(1.29 - 1.32)

1.•••
(1.20 - 1.12)

1.52
(1.2' - 1.111

1.'6~

(l.U - 2.12)

1.07
(0.'" - 1.19)

1..7·
(1.39 - 1.5'1

1.37
{l.H - 1.511

1 ••9
(1.21 - 1.73)

1.50
(l.U - 1.59)

1 . .$.
(l.U - 1.n)

1.U
(1.ll - 1 . .57)

2.72
(2.5t - 2.1'1

•• 72
(3.U - 5.76J

1.51
(loU - 1.'01

1.'0·
(1.l' • 1.'10)

1.73
(1.51 - 1.98)

2.3.$~

(2.22 • 2.UI

1.70
(1.56 - 1.85)

1.65~

(1.52 - 1.711

1.70-
(l ••O - 2.061

1.63·
(1 • .57 - 1.6'1)

~ Siqnitieanely 4itt.r.nt t~ control (0 mg DHN/L). P < 0.0.$.
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