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acid herbicide used to control a suite of Grand, and Saugeen Rivers throud®81 to 1985
broadleaf weeds in agricultural and contained residues0.1 pgll”! (Frank and Logan 1988).
noncropland applications (Agriculture and Agri-Food No detectable levels of MCPA occurred in 26 samples
Canada 1997). MCPA has a CAS name and number of 4ffom 13 Alberta municipalities (Hiebsch 1988). A
chloro-2-methylphenoxy acetic acid and 94-74-6, relatively high frequency of groundwater contamination,
respectively. The parent compound (MCPA-acid) is ahowever, was reported in Outlook Irrigation District,
colourless crystalline solid, but MCPA is formulated into Saskatchewan, where 13 out of 41 samples contained
a number of esters, salts, and amine derivatives, andesidues up to 0.53 [Ig* (Maathuis et al. 1988). MCPA
primarily sold as a liquid herbicide and to a lesser extentwas detected in 31% of samples collected from numerous
as an emulsifiable concentrate (WSSA 1989). MCPA isrivers in Quebec from 1993 to 1995 (Giroux et al. 1997).
often tank-mixed and applied with various other The maximum level recorded was 1.30jiY
herbicides to improve control over some weeds (Alberta
Agriculture 1989). Trade names of registered products inEster, salt, and amine derivatives dissociate in alkaline
Canada include MCPA Ester, MCPA Amine, and water to MCPA acid (MCPA Task Force I, 1993c). For
Buctril M, among others. example, the half-life for MCPA 2-ethylhexyl ester
(2-EHE) is 76 d at pH 7, but is 117 h at pH 9 (MCPA
In 1990, a total of 3417 t of MCPA was sold to Canada, Task Force Il, 1993a). MCPA acid, however, does not
with 94% being sold to the Prairie provinces (Agriculture readily hydrolyze in sterile water at pHs 5-9 (Chau and
Canada and Environment Canada 1990). A surveyThomson 1978; MCPA Task Force Il 1993b). Aerobic
conducted in Ontario in 1983 indicated that MCPA was biodegradation of MCPA is significant, with microbes
being used extensively in grain production (154 t) anddegrading 95% of dosed MCPA within 13 d (Soderquist
sparingly in field corn production (1.5 t) (McGee 1984). and Crosby 1975). Benoit-Guyod et al. (1986) reported
rapid degradation by ozonolysis in the dark, with half-
MCPA is a plant growth regulator and is exceptionally lives from 4.2 to 11.5h. Photodegradation half-life
effective because uptake occurs bilaterétisough roots  estimates are 1 h to 5d (Soderquist and Crosby 1975;
and foliage, and translocation to all tissues is rapidMCPA Task Force Il 1993d).
(WSSA 1989; Tomlin 1994). MCPA has selective
herbicidal properties with differences in absorption, MCPA does not accumulate in the environment because
translocation, and metabolic degradation rates amongf its rapid degradation rates. In an aquatic—terrestrial
species (Frear 1976). Many plants degrade MCPA to lestaboratory model treated with 5kgi® MCPA (99%
toxic metabolites or conjugates through decarboxylationNa-salt), for example, residues after 3 d were 27@}ig
reactions or by complexing with plant proteins (WSSA 10.196 ud”, and 45 udl™ for terrestrial plants, soil,
1989). and water, respectively (Virtanen et al. 1979). BCFs for
fish (Cyprinus carassiuspnd snails(Lymnea stagnalis)
Surface water contamination may result directly from were <1, with tissue concentrations of <0.024 and
spray drift or indirectly from runoff and/or leaching. 0.87 udg”, respectively (Virtanen et al. 1979). Brown
Extreme contamination may result from spills, deliberate
dumping of tank residues, or equipment-washing
operations. Groundwater contamination may occur Table 1. Water quality guidelines for MCPA for the

M CPA (GHoCIOy)is a systemic phenoxyacetic Only 5 out of 447 samples collected from the Thames,

through improper handling procedures or through normal protection of aquatic life (CCME 1995).

use in areas with shallow aquifers. Contamination of water — — n
with MCPA is rare despite its extensive application, high Aquatic life Guideline value (ug-L")
water solubility (825 m@ ™), and low affinity for most Freshwater 2%

soils (Maathuis et al. 1988). For example, 98% of 2886 s
surface water samples collected from Prairie provinceslvIarlne 4.2
had nondetectable levels of MCPA (NAQUADAT 1989). Interim guideline.
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trout (Salmo trutta)exposed to 10-30 rﬂljl of MCPA Toxicity Species Toxicity Concentration (Ug-H
for 28 d had similar tissue residues (3—-4kyg) at all information endpoint
. ; - £ |L. macrochiruies-h LG, | : =
test concentrations (Hattula et al. 1978). Fish similarly 5 |o. mykiss  |os-nic | : -
exposed to 100 ni* MCPA for 3-5 d also accumulated o | 2|c.capio  |as-h LQZ : o
residues of <4 nBg ™’ (Hattula et al. 1978). 3 [Z]D-magna [as-hEG, [ : =
5 [Tubifexsp.  [48-h LOEC| - o
§ A. aquaticus |48-h LOEC| : o
. . £ |G. pulex 48-h LOEC o
Water Quality Guideline Derivation g :
@ O. mykiss 10-d LOEC B
The interim anadian water guality guidelines for MCPA . = 5. capricomuf5-d EC, -
for the protection of aquatic life were developed based on | § S. capricomutufs-d LOEC| : e
the CCME protocol (CCME 1991). & | 2N peliculosa [s-7-dLOE] @ ®
a [N. peliculosa |5-7d LOEC| : [ ]
L. gibba 14-dEG, | : m
] L. gibba 14-dEG, | =
Freshwater Life L. gibba 14dEG, | =
Canadian Water Quality Guideline .
i .. . . 2.6 ug-Lt .
MCPA exhibits a broad range of toxicity to fish with 96-h = endpoims:“g S i 1 o iy
LCso values for rainbow trou{Oncorhynchus mykiss) mprimary e critical value A Canadian Guideline
from 3.6 to 748 m@*, depending on life stage and o secondary

MCPA formulation (MCPA Task Force Il 1991; Rhdne- Figure 1. Select freshwater toxicity data for MCPA
Poulenc 1992b). CarfCyprinus carpio)and white aspe
(Leucaspius delineatushave 48-h LOECs of 10 and MCPA seems to be most toxic to plants. For example,
100 mdL™", respectively (Pravda 1973). The 2-EHE and 14-d EGgs for reduced frond density of duckwegeémna
isooctyl ester formulations are most toxic to fish and gibba)are 0.13, 0.17, and 0.25 g for 2-EHE, MCPA
invertebrates, with the former having a 96-hs$.6f 3.16— acid, and DMA, respectively (MCPA Task Force Il 1993i,
4.64 mdl™* for bluegill sunfish and the latter having a 1993l). The 5-d EGs for reduced cell densities of the
NOEC of 0.003 md™ for rainbow trout, bluegill sunfish, green algsSelenastrum capricornutyrhowever, are 0.19
fathead minnows, anBaphnia magnaAlexander et al.  and 0.25 m@l™ for DMA salt and 2-EHE, respectively,
1985; Rhone-Poulenc 1992a). The sBCfor impaired  and LOECs for the diatoMavicula pelliculosaare 0.073
motility of D. magna are 0.28 and and 0.077 md™, respectively (Rhone-Poulenc 1992e,
>230 mdll* for 2-EHE and dimethylamine (DMA) salt, 1992g; MCPA Task Force 1l 1993h, 1993K).
respectively (Rhone-Poulenc 1992c, 1992d). ScudsS. capricornutum and N. pelliculosa have similar
(Gammarus pulex) isopods (Asellus aquaticus) toxicities to MCPA acid, with NOECs and 5-d LOECs of
flatworms(Planaria gonocephalajand segmented worms 0.009 and 0.026 nfiiy*, respectively (MCPA Task Force
(Tubifexsp) have 48-h LOECs of 10 ri* for MCPA I 1993e, 1993f).
Na salt and Na/K salt. Snaillymnaea stagnalispre
slightly more tolerant to these formulations, with a The interim water quality guideline for MCPA for the
48-h LOEC of 100 m@i* (Pravda 1973). Toxicity of protection of freshwater life is 2.6 fig' (CCME 1995). It
MCPA to amphibians is variable. For example, theglak was derived by multiplying the LOEC of 0.026 g
1600 mdll™* MCPA (Na salt) for crested newgSriturus MCPA acid forS. capricornutumandN. pelliculosaby a
cristatus  carnifex) is 35-45h, while the safety factor of 0.1 (CCME 1991). Note that toxicity
48-h LG, for tadpoles ofRana temporariais 10 mgl™ values for ester formulations were not considered owing
(Pravda 1973; Pacces Zaffaroni et al. 1986). to their fast hydrolysis rate. The guideline value applies to
the total concentration of all forms of MCPA and
Limited chronic toxicity data show that MCPA inhibits transformation products in freshwater environments.
growth (50 m@l™) of rainbow trout and increases
mortality (100 mdl™) of juvenile brown trout(Salmo
trutta) (Hattula et al. 1978; Davies and Cook 1990). Marine Life
Further, skeletal deformities occur in regenerating limbs
of newts exposed to 115 and 457gMCPA 4d per  As with freshwater organisms, ester formulations are most
week for 11 weeks (Arias et al. 1989). toxic to marine fish and invertebrates. For example,
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96-h LGs for butoxyethyl ester are 1.15 and 4_3]];Hg Alexander, H.C., F.M. Gersich, and M.A. Mayes. 1985. Acute toxicity

for immature bleaKAlburnus alburnusjand harpacticoid gf 4_ph|eg‘éxé’ lr:lergizclides to aquatic organisms. Bull. Environ. Contam.
. L . . oxicol. 35:314-321.

(Nitrocra spinipes) _respecuvely (Lindn _et al. 1979)' Arias, E., N. Pacces Zaffaroni, and T. Zavanella. 1989. Teratological

Those for MCPA acid are 133 and 231ibfor Atlantic evaluation of the phenoxyacid herbicide MCPA in the regenerating

silverside (Menidia menidia)and pink shrimp(Penaeus forelimb of the adult newt. Ecotoxicol. Environ. Saf. 17(1):30-37.

duorarum) respectively (MCPA Task Force 1987a, Benoit-Guyod, J.L., D.G. Crosby, and J.B. Bowers. 1986. Degradation

_ of MCPA by ozone and light. Water Res. 20(1):67-72.
1987D). The 96-h Lggs for DMA salt are 441 and 301 mg CCME (Canadian Council of Ministers of the Environment). 1991.

-1 . . . .y .
M= for tidewater S'_Iver3|de(Men'd'a bery”'na and Appendix IX—A protocol for the derivation of water quality
P. duorarum respectively (MCPA Task Force 1987c, guidelines for the protection of aquatic life (April 1991). In: Canadian
1987d). water quality guidelines, Canadian Council of Resource and

Environment Ministers. 1987. Prepared by the Task Force on Water

e . Quality Guidelines. [Updated and reprinted with minor revisions and
Five day LOECs and Egs for diatom (Skeletonema editorial changes in Canadian environmental quality guidelines,

costatum) cell density are 0.042 and 0-3,. 0.017, and chapter 4, Canadian Council of Ministers of the Environment, 1999,
0.085, and, 0.10 and 1.5 Mg for MCPA acid, 2-EHE Winnipeg.]

and DMA salt, respectively (MCPA Task Force 11 1993d, . 1995. Appendix XWl—Canadian water quality guidelines:

1993j 1993h)_ Updates (March 1995), MCPA. In: Canadian water quality guidelines,
' Canadian Council of Resource and Environment Ministers. 1987.
. . . L Prepared by the Task Force on Water Quality Guidelines.

The interim water quality guideline for MCPA for the chau, A.S.Y., and K. Thompson. 1978. Investigations of the integrity of

protection of marine life is 4.2 i (MCPA Task Force seven herbicide acids in water samples. J. Assoc. Off. Anal. Chem.

Il 1993d; CCME 1995). It was derived by multiplying the  61:1481-1485.

LOEC for MCPA acid of 0.042 nm-l for a diatom, avies, P.E., aqd L.S. Cook. 199Q. Sublethal effects of pesticides on
selected species of freshwater fish and crustaceans from southern
S. costatunmby a safety factor of 0.1 (CCME 1991). Australia. Inland Fisheries Commission, Hobart, Tasmania.
Frank, R., and L. Logan. 1988. Pesticide and industrial chemical
Toxicity Species Toxicity Concentration (1g-H) residues at the mouth of the Grand, Saugeen and Thames Rivers,
information endpoint Ontario, Canada, 1981-1985. Arch. Environ. Contam. Toxicol.
£ [M. menidia [96-hLG,| m 17:741-754.
e [A alburnus [96-h LGy o Frear, D.S. 1976. The benzoic acid herbicides. In: Herbicides:
2 2 |M. beryllina |96-h LG,| - ] Chemistry, degradation, and mode of action, 2d ed., P.C. Kearney and
2 g N. spinipes  |96-h LG, : o _D.D. Kaufman, eds. Marcel Dekker, Inc. New York. o
2 |p. duorarum |96-hLG,| - Giroux, |., M. Duchemin, and M. Roy. 1997. Contamination de l'eau
g P. duorarum |96-h LC,| ™ par les pesticides dans les régions de culture intensive du mais au
S. costatum |5-d EG, 5 o Quepec. Campagnes d'échantillonnage de 1994 et 1995. Ministere de
o | . |S costatum [5-dLOE] : e IEnV|r_onnement’ et de la Faune, Direction des écosystémes
S | § |S- costatum [5-d EG, o aquatiques, Québec. ) o
g o |S.costatum |5-dLOEQ : nm Hattula, M.L., H. Reunanen, and A.U. Arstilla. 1978. The toxicity of
S. costatum |5-d EG, : o MCPA to fish. Light and electron microscopy and the chemical
S. costatum |5-d LOEQ : o analysis of the tissue. Bull. Environ. Contam. Toxicol. 19:465-470.
Canadian Water Quality Guideline : Hiebsch, S.C. 1988. The occurrence of thirty-five pesticides in
4.2 pg-tt [ N N N N B Canadian drinking water and surface water. Health and Welfare
Toxicity endpoints: 100,100 1 100 100 106 10° Canada, Environmental Health Directorate, Ottawa. Unpub.
| primary o critical value +Canadian Guideline Lindén, E., B.E. Bengtsson, O. Svanberg, and G. Sundstrém. 1979. The
o secondary acute toxicity of 78 chemicals and pesticide formulations against two
Figure 2. Select marine toxicity data for MCPA. brackish water organisms, the ble@klburnus alburnus)and the

harpacticoidNitocra spinipes)Chemosphere 11/12:843-851.
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