i’

J‘—Vv\rg t3
AM
. r\{ <
Shaughnessy No.: 024401

Date Out of EAB:_ JAN 2 8 988

TO: Richard Mountfort/Christine Rice
Product Manager #23
Registration Division (TS-767)

FROM: Emil Regelman, Supervisory Chemist
Environmental Chemistry Review Section #3
Exposure Assessment Branch ,
Hazard Evaluation Division (TS- -769C)

THRJ: Paul F. Schuda, Chief ‘ jégggg_gzk,
} Exposure Assessment Branch ,é%ézi‘£7ﬁ:;

Hazard Evaluation Division (TS-769C)

Attached, please find the EAB review of...

Reg./File #: 1109-1

Chemical Name: Copper(ll) sulfate pentahydrate

Type Product: Fungicide/algaecide!antimicrobial/insecticide/herbicide

Product Name: Copper sulfate

L

Company Name: Tennessee Chemical Company/ Cu(Il) sulfate Registration

Standard Task Force

Purpose: Review of protocol for combined program to respoﬁd to

requirements in copper sulfate/copper(Il) Registration Standards

Date Received: 10/2/87 - Action Code: 630

~ Date Completed:_ 12/24/87 EAB #(s):__ 80006

Monitoring study requested: Total Reviewing Time:_2 days

Monitoring study voluntarily:

Deferrals to:
Ecological Effects Branch

Residue Chemistry Branch

Toxicology Branch

g NG



1. CHEMICAL:

- Common Name: Copper sulfate or cupric sulfate.

Chemical Name: Copper(Il) sulfate pentahydréte

Chemical Formula: Cu804‘5H20

Formulation: Several formulations(crystalline; soluble
concentrate) alone or with other inorganic
chemicals. Formulation is expressed in terms

~of metallic copper equivalent(in percent).

2. TEST MATERIAL: Not applicable

3. STUDY/ACTION TYPE: Review of protocols for combined testing program
: submitted by the copp er sulfate task force to

respond to requirements in copper sulfate/copper(I1)
Registration Standards. _ '

4. STUDY IDENTIFICATION: The registrant submitted protocols(together
with a letter dated 9/25/1987) in response to
an Agency letter dated 9/15/1987 listing the
Environmental Fate data requirements (163-1,
Adsorption/desorption; 164-1, soil dissipation
field study; 164-2, aquatic[sediment] dissipation
field study) for the Copper Sulfate Registration
Standard. Included in the package were the
following submissions:

Copper Sulfate Standard Protocol Meetin . 1987, Job Number CSTF0010.
- Prepared by HydroQual, Inc., Mahwah, NJ, June 1987.

No EPA Accession Number.

Literature Review to Characterize the Adsorption Potential of Copper
in the Environment. 1987. Project Number CSTFO010. Prepared by '
, o HydroQual, Inc., Mahwah, NJ, September 30, 1987.

No EPA Accession Number. ' S "

Approach for Soil Dissipation Field Study(Draft). 1987. Project Number
CSTF10010. Prepared by HydroQual, Inc., Mahwah, NJ,
September 30, 1987. :
No EPA Accession Number.

Approach for. Aquatic Sediment Dissipation Field Study. 1987. Prepared
by HydroQual, Inc., Mahwak, NJ, September 30, 1987.
- No EPA Accession Number. i
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5. REVIEWED BY:

Silvia C. Termes Signature;
‘Chemist, Review Section #3 ;
EAB/HED/OPP | ~ Datﬁ

APPROVED BY:

Emil Regelman - | Signature;

Supervisory Chemist ‘

Review Section #3 Date;

EAB/HED/OPP )
CONCLU SIONS ;

Note that these protocols had been reviewed by EAB at the time of

the meeting with the registrant(10/29/1987) and few recommendations

~were already made at that time, which are now expanded here.

RECOMMENDATIONS ;

Dissipation field work ~ )
A justification for the deviation from multiple site sampling
must be included, as stated in item 2 of the Summary.

For laboratory desorption studies(drafted under the field dissi-
pation study), it is recommended that a mineralogical characterization
of the field soils used be included in the report. It is also
recommended that, besides reporting particle size distribution, the
specific surface area of the soil be included(as obtained by BET

methods, for example). For the aqueous phase, it is recommended that
pPH, En, and conductivity be included and that, if feasible, other
anionic and cationic species besides those related to the copper(II)-
water system be monitored (Ion Chromatography may prove to be a
useful technique). The same is applicable to desorption experiments
with aquatic sediments. _ :

For the aquatic(sediment) dissipation studies, ‘it is recommended
that the analyses of the interstitial water be supplemented by Ep

' measurements. This is important since the samples will be analyzed
~for "HyS" and it is well-known that pH and Eh play a very important

role iB detefminingzthe actual sulfur species to be expected(that is,
HS™, §¢4-, Sh7, $0,“7, etc.). '




As with the dissipation studies, it is important that the registrant
is aware of the importance of pH and Ep in adsorption/desorption
processes, since pH and Eh play a very important role in adsorption/
desorption of metallic species. )

9. BACKGROUND:

‘a. - Introduction

letter dated 9/15/1987 listing the Environmental Fate requirements
for the Copper Sulfatre Registration Standard. In October 29, 1987,
a meeting between EPA personnel and members of the Copper Sulfate
Task Force(including representatives from HydroQual, Inc.) was

held at EPA to discuss the submitted protocols. At the time

of the meeting, these protocols had already been reviewed by EAB.
The points discussed in the meeting are summarized in the Appendix
(Summary of Meeting prepared by Product Manager, dated 10/30/1987) .

‘b. Directions for use
Not applicable for this review,

10. DISCUSSION OF INDIVIDUAL STUDIES :

Summary of Submitted;Protocols

A. Copper Sulfate Standard Pro;ocoi Meeting

This submission summarizes the propdsed study.

The key issue addressed was the effective toxicity of co er
sulfate when applied to terrestrial and aquatic systems, which
incIludes- the availability of toxic forms of copper in the environ-
ment, the partitionin characteristics of co er, and the speciation

cs of copper as.a function of £ 1

characteristci ield conditions.

Copper toxicity. A review of copper toxicity studies pointed
~out the importance of two critical issues: ‘
l. That the copper species of concern are those related to copper
activity and not necessarily to the total concentration o
copper.
2. That complexation or sorption properties of copper in realistic
environmental conditions must also be characterized.

Aquatic availability. The availability of copper to aquatic )
organisms is controlled by the tendency of copper to sorb to particu-~

late material and by the speciation of dissolved copper, for which
pH and the presence of "complexing" species play an important role.

Therefore, copper speciation models can be applied for compucing
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the effective copper toxicity over g rahge of total copper, pH,

dissolved organic matter, and alkalinity. The use of these models
is proposed. :

Progosed Scope of study. The chemical fate model MEXAMS will be
used. 8 program is comprised of two sub-models: MINTEQ(a geochemi-
cal[speciation] sub-model) and EXAMS (a coventionally used €Xxposure
dssessment model). A literature review will provide the relevant
binding constants required as input to the speciation sub-mode],

The pertinent literature on chemical properties and fate of copper
will be reviewed as part of the evaluation Process. Other proposed
studies included were:.

163-1 Adsorption/Desorption
164-1 Soil Dissipation Field Study
1642 Aquatic(Sediment) Dissipation Studies

B. Literature Review to Characterize the Partitioning Characteristics
of Copper in the Environment

Copper can be partitioned to:

- soils in agricultural fields , ,

- suspended solids in water bodies receiving runoff from
agricultural areas treated with copper compounds or treated
directly with copper sulfate : . E

- aquatic sediments in water bodies receiving these direct
and indirect inputs of copper

A substantial data base is available to characterize the
adsorption of copper ions to soil., Adsorption of copper to soil

organic matter, specific adsorption, and ion exchange. The latter
is only likely to be important when the concentration of copper
is high. An extensive literature review of copper adsorption is
Presented in the protocol submission. Resultg indicate an inverse
relationship between the partition coefficient and particle size
class and that a reduction in the organic content of fines reduces
the partition coefficient. Thus, particle size and organic matter
content have implications to the fate of copper applied to
agricultural fields since runoff solids tend to be the finer,
organically rich fractions of the field soils. o
Adsorption of copper is strongly dependent on EH because, in
general, CuOH' is more readily adsorbed than cu2 Experimental

evidence is abundant in the literature.

in the STORET data base. Previously analyzed data has indicaced
that the concentration of solids suspended in a water column must
be included in an environmencal fate analysis, Alcthough the effecrt
of pH has not been characcerized_co date, further analysis of the
effect of pH will be undertaken. '
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o A substantigl data pase ig available to characterize the partition-
~ in qf copper in_aquartic sediments. Ag with field soils and warer
Particulates, the results 4re quite variable because of the complex :

physico-chemical interactions controlling sorption of copper to
Particulate matter. :

Thus, significanc data base ig Presently available to characterize
che'parcltlonlng of water in field soils, water bodies, and aquatic
Sediments to allow pPerforming an environmental fate assessment for

Reviewer's comment )

Extgnsive work on copper adsorption/desorptidn("activationf
deactlvation") on mineral surfaces is available from the minerals
processing literature, which can provide further data to the proposed
work. ’ ‘

tration associated with the runoff reaches a Steady-state in about
10-12 y period in a tilled agricultural setting and longer in an

over a short time scale, and hence the amount of copper available
for impact on aquatic organisms. .

. Field sampling and laboratorz procedures , _
Samples will be collected from a variety of agricultural settings
treated with copper for an extended Period of time. The settings will
range from untilled citrus orchards with sandy soils in the southeast
United States to relatively organically rich tilled soils in ‘tomato

fields in the northern partc of the country. Tan samples will be
analyzed: seven from citrus orchards in a variety of settings and
three from tilled agricultural fields. Two settings will be sampled

just prior to and after pescicide applications. One pair of citrus
orchards and one Pair of tilled soils will be sampled from areas
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closed in proximity to each other and with similar soil types, but
with different histories of copper pesticide application,

The samples will be collected from the 0-1 cm surface layer soil
horizon, which is conventionally used in the to characterize pesticide

- Laboratory studies: Soils will be characterized for Soil moisture
content, porosity, bulk density, cation exchange capacity(CEC), percent
organic matter, particle sgize distribution, PH, calcium carbonate,
total copper, hydroxylamine-extractable copper, iron, and manganese,

Consecutive desorption experiments will be performed by adding
varying amounts of the soil and aqueous phase into 30 mL polycarbonate
tubes to a same final volume, but different final concentrations of
suspended solids (150-1500 mg/L; total of four levels in each range,
The aqueous phase will be a buffered 0.0001 M solution(to simulate
ionic strengh of runoff). Then, the tubes wiTl be sonicated to disperse
the soil particles and agitated for a chosenperiod of time(typically
one hour). After 20 min centrifugation, the aquegus phase will be
sampled and analysed for dissolved copper and Cu<t
selective electrode. The supernatant will be removed and replaced with
a sufficient amount of metal-free aqueous Phase as to maintain a
consistent sediment concentration. Again the tubesg will be sonicated
sonicated, and sampled; this process will be repeated 3-4 times.

The data obtained will be analyzed mathematically in order ro
define the resistant and reversibly sorbed fractions of copper bound

The samples will be chilled to 4°C and transported to the laboratory
for analysis of total copperi. Two of the six water bodies will be

selected for subsequent sampling and characterization. :
Three sites in each of the two selected ones will be sampled for

uniform vertical spacing. The cells are filled with deionized water
and covered with a filtration membrane. The samplers are inserted
vertically into the sediment, with two or more layers exposed above
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experiments. Sediment samples will be kepet chilled at 4°C.

 Laboratory studies:

Interstitial (pore) water will be analysed for: total Cu, Cul*, pH,
alkalinigy, dissolved organic carbon(DOC), Ca, Mg, dissolved oxygen,
HyS, S0, ", and conductivity. . :

Sediment core samples will be sliced(1-in increments) and analysed
for porosity, bulk density, particle size distribution, cation exchange
capacity, total organic carbon, total and acid soluble copper; copper,
iron, and manganese using hydroxylamine extraction and othe major
copper complexing ligands. ' ~

. Consecutive desorption experiments will be performed in surficial
copper sediments to determine resistant and reversibly sorbed fractions
of copper in the sediments. The experimental procedure to be followed
is the same as those described for desorption experiments with soils.
Data will be analysed mathematically and the results incorporated
into the environmental fate modeling. S

- Speciation modeling will -be carried on with one of the available
models (FITEQL, MICROQL, MINTEQA!1, and MEXAMS). The latter has the

- advantage of incorporating vertical transport within the sediment

and exchange with the overlying water. Simulation of the vertical
sediment profiles will provide validation of the speciation modeling.
Computation of the copper species (free and complexated) in the pore
water and adsorbed as well as mineral forms associated with .the solid
phase will define the levels of copper species available to organisms.

Environmental fate modeling will be performed with the conventional
EXAMS-type simulation together with ageochemical equilibrium model and
will allow to determine the long term fate of copper in lakes or ponds
receiving direct copper treatments or runoffs from treated fields.

Reviewer's comments to soil and aquatic dissipation studies

For desorption studies(soil and sediments), it is recommended
that besides analysing the particle size distribution of soils and
‘sediments, the specific surface area(as determined by BET methods, for
example) be included. For aqueopus phases, it is recommended that pH,
Eh, and conductivity be measured. If feasible, other anionic and -
cationic species besides those related with copper may be monitored.

11. COMPLETION OF ONE-LINER:

Not applicéble.

12. CONFIDENTIAL BUSINESS INFORMATION:

Not applicable.
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