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AGRICULTURAL AND
FOOD CHEMISTRY

Response to Comment on Arsenic Transport and
Transformation Associated with MSMA Application on a Golf
Course Green

Sir: We are responding to the comments from Dr. Jennifer Taple 1. Total Arsenic Concentration in Percolate Water Averaged
Saxe (1) of Gradient Corp. on our recently published paper ( from Four Plots Using Uncoated Sand (S) Substrate
We would like to restate the objective of our work before . ‘
addressing Dr. Saxe’s concerns, that is, to understand the___ Mme (weeks) sampling date As conen (ug/L)

behavior of arsenic species in percolate water from MSMA 0 Aug 29, 2002 11
applied to golf course greens, as well as to determine the 1 Sept’s, 2002 321.9
; i . . 2 Sept 12, 2002 346.2
influences of root zone media for United States Golf Association 3 Sept 19, 2002 1932
(USGA) putting green construction on arsenic retention and 4 Sept 26, 2002 219.7
species conversior2). We feel strongly that our results clearly 5 Oct 3, 2002 209.3
demonstrated that substrate composition can significantly affect ; 83 ;Z gggg 122-;‘
both arsenic retention in soil and arsenic speciation in percolate 10 Nov 7, 2002 200
water. This study provides useful information on how to reduce 12 Nov 20, 2002 20.8
the potential risk of arsenic contamination associated with 14 Dec 4, 2002 134

MSMA application on golf courses.

We disagree with Dr. Saxe’s suggestion that “the arsenic in
the percolate couldll have resulted from naturally occurring
arsenic. The lack of a control plot precludes the ability to
determine the source of the leached arsenic”. Indeed, we did
not have specific plots as controls because of the limitation of
the number of the plots available and the types of soils needed
to be tested. To overcome this limitation, we measured arsenic
concentrations in the soil samples before and after MSMA
application in each plot. The results indicated that the back-

totaled 12-40% of the natural arsenic present in test soils prior
to MSMA application, but only 18.6%, at most, of the arsenic
applied as MSMA” is incorrect because she used the arsenic
concentration we reported for the top layer-@0 cm) of soil
to calculate the background arsenic concentration in the soil of
the whole plot. This is wrong because it cannot be assumed
that arsenic was evenly distributed in the plot.

We understand Dr. Saxe’s concern on the stability of arsenic
. . ) in the environment. Arsenic species could be transformed from
ground concentration of arsenic in the §0|Is was very l6@.65 one species to another rapidly under environmental conditions
mg kql)_and therefore would not contribute S|gn|f|caqt amounts (7—10). This is why we tested the stability of the field sample
of arsenic to the leachate. We also measured arsenic concentrg, gngyre that arsenic speciation was not altered during sample
tion in the percolate before applying MSMA and found that it g aqe timeafter sampling. Effort was made to conduct the
was very low compared to the amount measured in the following fie|g experiments under simulated real environmental conditions.
weeks. This was used as baseline information for comparisonyye pelieve that collecting samples in sterile underground storage
with arsenic measured following MSMA applicatiohable 1 vessels as Dr. Saxe suggested is not appropriate and unrealistic.
is an.example showing total arsenic concentration (mlcrogrgms“ should be pointed out that sampling intervals ef2lweeks
per liter) in percolate water averaged from four plots using oyld not change the total arsenic leached from the substrates.
uncoated sand (S) substrate. The results clearly indicate thaye disagree with Dr. Saxe’s comments that “the apparent
arsenic in percolate sharply increased following MSMA ap- transformation rate of MSMA to other arsenic compounds
plication and that the arsenic leached in the percolate during described by Feng et al. is far more rapid and complete than in
the course of the experiment resultadinlyfrom the application studies described in the literature (see, e.g.,3ef§) and may
of MSMA. We did not consider the contribution from naturally  pe due to experimental artifact”. This is because the transforma-
occurring arsenic (data in week 0) when estimating arsenic tion rate of MSMA could be affected by a number of factors.
leaching rate (Table 4 in ref) because the small value could e observed that monomethylarsonic acid (MMA) was leached
be neglectedTable 1). Total arsenic concentration in percolate  from all three substrates, but mainly in the first few weeks when
water was determined by several factors, including substrate MSMA was applied. For substrate S (uncoated sand), which
composition and water amounts from rain and sprinkler systems.showed less arsenic sorption capacity, a large quantity of MMA
Large standard deviations in arsenic concentration in percolateleached out at 12.1 mgTAin 14 weeks, compared to only 1.1
were indeed observed among the four plots for each substrateand 0.3 mg m?2 for S+ P (uncoated sand and peat) and NS
However, data from each plot showed a similar trend; that is, P (naturally coated sand and peat), respectively (Figure 4 in ref
application of MSMA on the substratesharply increased  2). These results suggest that compared to substrate S, MMA
arsenic concentration in percolate water. Increase in arsenicunderwent a much faster transformation and/or stronger adsorp-
concentration in groundwater caused by MSMA application has tion in S+ P and NS+ P. In the literature cited by Dr. Saxe,
also been reported by other36). Dr Saxe’s statement “the  various demethylation rates of MSMA were also reportet, (
data from Feng et al.1j show that the arsenic in percolate 12). Von Endt et al. studied the degradation of MSMA in soll
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and found that 1.#10% of MSMA was degraded in 60 days which is almost exclusively used for golf course greetB)(

(12). From a study on microbial degradation of MSMA using Nothing is said about not using it on greens. In addition, the
a clay-type soil as the culture medium, Abdelghani et al. found USGA specification greens are specifically designed to quickly
that the degradation was dependent on MSMA concentration drain water. The second statement is incorrect because, on the
with peak rates of demethylation of 29%/month for all MSMA  basis of the same study conducted by Chen et1#), (448
concentrations tested 1). It is apparently not appropriate to  representative Florida soils from the Florida Cooperative Soil
compare the degradation rates without considering the experi-Survey Program are very sandy, with an average sand content
mental conditions utilized. of 89.3%. The 2000 golf course survey conducted by the same

We certainly have considered the involvement of microorgan- authors indicated that 73% of Florida golf courses were
isms in the transformation of arsenic in our study and discussedconstructed on sands or sandy soll3)(
in the paper the possible role of microorganisms in arsenic ~We agree with Dr. Saxe’'s comments that there was a high
transformation and bioavailability of arsenic species. With regard degree of variability among replicate plots as we also discussed
to the possible presenceR§eudomonais the soil, which could  in the paper. This is why four replicate plots were used in our
readily and tenaciously adhere to stainless steel and could beexPerimental design and the average of the four was employed
involved in demethylating MSMA 3, 14), we did not have  for thg datq analy§|§. The effepts pf soil vgrlabmty qu weather
evidence of its presence in the soils used in our study and conditions in pesticide leaching in real field conditions have
therefore we could not evaluate its exact role in MSMA been well recognized ). We strongly disagree with Dr. Saxe’s
demethylation. An investigation is currently being conducted conclusions that these results suggest problems with reproduc-

in our laboratory about this issue and is beyond the scope of ibility and representativeness. We are all aware that arsenic
our paper. leaching to groundwater associated with MSMA application is

getermined by a number of factors, particularly by the soll
composition and rainfall. We discussed the reproducibility issue
in our paper. Again, because most Florida golf course soils are
very sandy, it is incorrect to simply compare the arsenic leaching
rate from South Florida soil to those from other places without
considering the experimental conditions used.

Dr. Saxe questions the possible presence of arsenic source
besides MSMA, including wood used for box construction,
fertilizers used during the experiments, and pond water used
for irrigation. Indeed, we did not record whether the plywood
used in the plots was CCA-treated. However, as indicated in
our paper, the plots were encased with plywood along the
perimeter to a depth of 30 cm in order to hydraulically isolate | | TERATURE CITED
the added soil mixtures from the surrounding root-zone media.

The boxes were sized 5& 200 cm. The lysimeters had (1) Saxe, J. K. Comment on arsenic transport and transformation
diameters of~36 cm. Thus, the nearest approach of the associated with MSMA application on a golf course gre&n.
lysimeter to the box was 7 cm, and the distance rapidly increased Agric. Food Chem2006,54, 2436—2437.

from that to 82 cm. Because the soil is highly permeable, it (2 F€ng, M.; Schrlau, J. E.; Snyder, R.; Snyder, G. H.; Chen, M.;

. Cisar, J. L.; Cai, Y. Arsenic transport and transformation
can be assumed that water percolates almost vertically. Thus, associated with MSMA application on a golf course gregn.

little to none of the water that contacts the plywood surfaces Agric. Food Chem2005,53, 3556—3562.

likely enters the lysimeters. Most importantly, the soil arsenic (3) Tonner-Navarro, L. E.; Halmes, N. C.; Roberts, S. Risk
concentrations before MSMA application@-85 mg kg*) were Assessemnt of Organiersus Inorganic Arsenjdechnical report
within the normal range of background concentration of Florida prepared for the Division of Waste Management, CEHT/TR-
soils (15), indicating no arsenic contamination in the soils. It 98-01, Florida Department of Environmental and Human Toxic-
must be pointed out that the test plots were put in place 11 ity (CEHT); University of Florida: Gainesville, FL, 1998.
months before the arsenic study was initiated. The low arsenic (4) Di Carlo, G. W.; Fuentes, H. RPotential transport of the

concentration observed in percolate water before the application herbicci'des MSMA r?”d ars?:rlmaf_evngf::oTrré ngg OgF’urses to ,
of MSMA (Table 1) clearly suggests that contribution of arsenic gtr(t’;]‘g 7”;??;;%33%5;22&62’% Exoosiion on W;?;fgtfamy
from the plot materials was insignificant. No fertilizers were P

. . . . . and Wastewater Treatment, Anaheim, CA; 2000; pp 293565.
applied during the course of this study. Again, week 0 sampling (5) Bednar, A. J.; Garbarino, J. R.; Ranville, J. F.; Wildeman, T. R.

~

showed that there was little arsenic in the percolate at the time Presence of organoarsenicals used in cotton production in
we started the study, and the spike in arsenic occurred in agricultural water and soil of the southern United StaleAgric.
conjunction with the MSMA applicationg @ble 1). With regard Food Chem2002,50, 7340—7344.

to the irrigation water, we did analyze the pond water for arsenic  (6) Wiegand, G. E.Preliminary report: Environmental quality
during the course of the experiment and found that the irrigation monitoring for pesticides and arsenic awvé municipal golf -
water was of no concern (2.28)/L). In summary, we believe courses in Miami-Dade County; Florida Department of Agri-

culture and Consumer Services: Tallahassee, FL, 1999.

that other arsenic sources, if any, could not significantly Bednar, A. J.: Garbarino, J. R.. Burkhardt, M. R.. Ranville, J.

contribute to the sharp Increase In arsenic concentration in E.: Wildeman, T. R. Field and laboratory arsenic speciation

percolate water following the application of MSMA. methods and their application to natural-water analylater
Dr. Saxe also questions that (1) the study was conducted on Res.2004,38, 355—364.

simulated golf course greens, “where drainage is engineered to (8) Bednar, A. J.; Garbarino, J. R.; Ranville, J. F.; Wildeman, T. R.

7

~

~

be artificially rapid; however, MSMA is rarely, if ever, applied Preserving the distribution of inorganic arsenic species in
to golf course greens” and (2) only three low-clay, sandy soils groundwater and acid mine drainage sampesviron. Sci.
were tested, which are not representative of most soils. We Technol.2002, 36, 2213—2218.

Bissen, M.; Frimmel, F. H. Speciation of As(lll), As(V), MMA

i i H i 9)
disagree with her first statement because, on the basis of a survey and DMA in contaminated soil extracts by HPLC-ICP/MS.

conducted by Chen et al. in 2000, 96.1% of the Florida golf Fresenius’ J. Anal. Chen®000.367 5155

courses were still using MSMA as a herbicide for weed control (10 Elwood, M. J.: Maher, W. A. Measurement of arsenic species
and 99% of Florida’s golf courses were using bermudagrass as in marine sediments by high-performance liquid chromatography-
the greens15). The 2004 University of Florida Pest Control inductively coupled plasma mass spectromenyal. Chim. Acta
Guide discusses the use of MSMA on Tifdwarf bermudagrass, 2003,477, 279—291.
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