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ABSTRACT

One to three per cent solctions of
copper sulfate have been used in the treatment of
wound areas of casunalties suffering white phosphorus
burns. Excesaive copper absorption with acute
toxicity reportedly has occurred in some cas-s
where sach solutions have been left in contact
vith appreciable areas of open wound for extended
intervals of time, [Laboratory tests suggest that
0.05 per cent copper sulfate is equally effective,

Pield trials are recommended,
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The use of copper sulfate solutions during the initial
emergency removal of vhit? phosphorus particles in victims of
phosphorus shells and grenades has been reported to cause copper
intoxication in some instances (1)}, Therefore, meazs must be
found to avoid such unnecessary risks,

The rationalé for the traditional use of copper sulfate
along with debridement procedures to remove the embedded white
phosphorus particles appears to be based primarily on the fact
that copper sulfate inactivates the wvhite pkosphorus particles
while at the same time making them more visible in the tissue,
These effects are due to the chemical reaction between the copper
ions and the mixture of oxidation products on the surface of the
vhite phosphorus particle to produce a black inaoiuble layer
covering the phosphorus surface, The covering markedly depresses
further oxidation of the white phosphorus remaining in the ceater
of the particles and renders the whole particle inert, The chemical
aature of the black compound is uncertain; it may be cupric
phosphide, anrz,

Since the use of copper sulfate has beeun lorg accepted
as a necezsary and useful part of the debridement procedure it
appeared worthvhile to attempt to modify its use in such a2 manner
that the possible toxicity factor ¢ould be reduced while retaining
its effectiveness. An obvious alternative approachk would have
been a search for other compounds to replace copper sulfate;
however, in viewv of the promising preliminary results described

belov this was not undertaken,
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Assuming that the relatively rapid formation of an
insoluble black coating on the white phosphorus particle was
a gsuitable and satisfaciory requirement for the copper sulfate
solution in the phosphorus burn therapy, tests were ruﬁ to
determine the effects of copper sulfate concentration upon
this action, Solutione containing 5, 1, 0.5, 0.1, 0,05, 0.025,
and 0.0l per cent copper sulfate were tested with small, 2 to
3 mm diawmeter, pieces of white phosphorus, It was found that
all concentrations of copper sulfate down to 0.025 per cent
formed black deposits covering the phosphorus surface within
approximately 3 minutes., Thus, in viiro, it vas clear that
lower concentrations of copper sulfate than those normally
employed vere equally effective,

Next, brief tests were made with white phosphorus
particles partially embedded in muscle tissue of an anesthetized
rabbit, The copper aulfate solutions were applied to the area
vith soaked gauze pads., The results indicated that the
blackening effect vas slow with 0,025 per cent copper sulfate
but satisfactory with the 0,05 per cent concentration, Trials
ander actual treatment conditions are necessary to determine
the final effective level. |

From thie preliminary study it appears that a simple
reduction in concentration of copper sulfate to 0,05 per cent
will allow continuation of the use of the solution in the
treatment technique for white phosphorus burns while simultaneously

reducing the hazards.



Blackwell

Among the numerous factors influencing the rate of
diffusion of copper io» into the circulation from the treatment
solution in an open wound area is the concentration of the
copper ion in the aolution covering the wound area; the diffusion
rate is directly proportional to the concentration, Therefors,
the twenty-fold reduction in concentration suggested by the
present results should result in a twenty-fold reduction in
copper absorbed per unit of exposure time and area and thereby
virtually remove any danger of copper intoxication,

Under these altered circumstances such measures as
prophylactic use of oral penicillamine or other sequestering agents
to remove copper ion after treatment of white phosphorus burns
would not appear to be pecessary, PFurthermore, if sufficient
copper vere absorbed during thefupy to cause toxic manifestations,
as, for example, in the current use of 1 to § per cent copper
suilfate soluntions, it appears unlikely that penicillamine would
be sufficiently rapid in its rate of removal of the copper to
reverse the acute effects., One gram of oral penicillamine removes
only one or two milligramgc of copper in a patient with Wilson's
disease (2). It is difficuit to estimate what amount of copper
absorption through the éalaged tissue would be required to produce
the toxic manifestations but it appears reasonable to expect that
%0 milligrams or more would be necesla¥y. This estimaie is based

on the fact that the daily turnover of copper in the normal

- h -
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adult, for example, is of the order of 2-4 milligrams (3).

Rapid removal of 50 milligraus or more of copper probably can

not be accomplished with the asual dosage levels of penicillamine,
One case of copper intoxication following extensive copper sulfate
debridement of burned skin areas was reported (4) in which
penicillamine therapy wvas employed. The authors reperted that

the patient excreted several milligrams of copper in the first

few days of oral penicillamine therapy and simultanecusly

showed ciinical signs of improvement, Whether or not the removal
of the fev milligrams of copper was responsible for that
improvement seems obscure,

At present it seems most important to encourage
field trials of the dilute solutions of copper sulfate for
debridement procedures end to actively discourage prolongnd
soaking of open wounds with the higher concentrations of copper

sulfate now in use,



Blackwell

ACENOWLEDGEMENRT

Background information concerning the use of copper
sulfate solutions in the present treatment of white phosphorus
burns was obtained from discussions with Cdr. C. E. Brodine,
MC, USN, Director, Clinical Inveatigation Department, NMRI,
Useful discussions of various phases of the problem were held
vith Captain R, H, Watten, MC, USN, Cdr. G. S. Huber, MSC, USNM,
Cdr. G, T, Strickland, MC, USN, and Ledr. R, A, Gutman, MC,
USNR, of NAMRU-2, Views concerning possible approaches to the
problem were exchanged with Dr. Sorell L. Schwartz, Head,

Pharmacology Division, NMRI,



1,

2,

3.

Blackwell
REFERENCES

Brodine, C, B,: Tpeatment for White Phoesphorus Burms,
U. S. Navy Medical Nevs Letter 49, 1-2 (1967).

Tu, J,.~B., Blackvell, R, Q., and Watter, R. H,:
Copper Balance Studies during the Treatment
of Patients with Wilson's Disease,
Metabolism 14, 653-666 (1965).

Tau, J.~B. and Blackvell, R, Q,: Studies on Levels
of Peniéillamine-Induced Cupriuresis in
Heterosygotes of Wilson's Disease,
Metabolism 16, 507-513 (1967).

Holtsman, N, A,, Elliott, D, A,, and Heller, R, K,:
Copper Imtoxication, Report of a Case with
Observations on Ceruloplasmin,

Nev Eng, J. Med. 275, 347-352 (1966),



UNCLASSIFIED

Necurity Classificanion :
DOCUMENT CONTROL DATA-R&D
Sevuriny classification of title, bodv of ob<ttact and (odexciy ant station nast be etered when the overall report iy clasailied)
1 ONIGINATING ACTIVITY (Corporste author) Co. HEFPORY SCCURITY CLASSIFICATION
U. S. Naval Medical Research Unit No. 2 Unclasgsified
Box 14, APO San Francisco 96263 2p. GROUP

3. REPORT TITLE

Recommendation For A Safer Treatment Of White Phosphorus Burns

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

Technical Report

S. AUTHORI(S) (First name, middle initial, last name)

R. Quentin Blackwell

¢ REPORY DATE 78, TOTAL NO. OF PAGES 1b. NO. OF REFS
7 4
8a. . CONTRACT OR GRANT NO Pa, ORIGINATOR'S REPORY NUMBER(S)
b PROJECT NO NAMRU-2-TR-300
c. MROOS. 20_0099 ob, %T‘H'E.?o?lfnonr NO(S) (Any other numbers that may be ass!gned
. MRO005. 20-0099, 21

10. DISTRIGUTION STATEMENT

Distribution of this document is unlimited

1. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Bureau of Medicine and Surgery
Department of the Navy
Washington, D, C. 20390

13, ABSTRACT

One to three per cent solutions of copper sulfate have been used in the
treatment of wound areas of casualties suffering white phosphorus burns., Excessive
copper absorption with acute toxicity reportedly has occurred in some cases where
such solutions have been left in contact with appreciable areas of open wound for
extended intervals of time, Laboratory tests suggest that 0,05 per cent copper
sulfate is equally effective, Field trials are recommended.

DD f3..1473 (PaceE 1 UNC LASSIFIED

G/N D101.807.¢R01 Security Classification




gecuri(y Clasaification

14 KEY wWORDS LiINK A LINK B LINK €
ROLE wT ROLE wT ROLE WT
Chemical Burns
Copper Toxicity
rORM
DD ™.1473 (sacx) UNC LASSIFIED

(bACT 2)

Security Classificution




