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sin ion i 

INTRODUCTION 

lhe Air Force generates large quantities of silver-bearing waste water 
from its photographic processing operations. All processes, black and 
white or color, still, motion picture, and radiographic, generate waste 
waters containing soluble silver compounds of varying concentrations 
depending on the particular process. Recovery of the silver generated 
in these operations has received increased emphasis not only for economic 
reasons, but also because the permissible effluent discharge levels for 
this toxic heavy metal arc low and may very well be reduced further in 
the future. The State of Illinois, for example, has adopted a silver 
concentation of 0.005 milligram/liter as the general standard for water 
quality (Reference 1). It is anticipated that additional states will 
adopt standards which are equally as stringent as those of Illinois 

The Environmental Protection Agency's Draft Development Document for 
Effluent limitations Guidelines and Standards of Performance, February 1975, 
addresses silver wastes generated from the photographic processing industry 
and from medical X-rays. Although these discharge limitations are only 
proposed at this time, they serve as a good indication of what the final 
standards are likely to impose. Best practicable control technology 
currently available and best available technology economically achievable 

2 
call for a maximum daily discharge of 0.015 pound of silver per 1000 ft 
of film processed. The average of daily values taken over a 30-consecutive- 

day period shall not exceed 0.008 pound per 100 of film processed. 

Silver recovery must be practiced not only to meet these discharge 
standards, but also to provide treatment of spent photographic solutions 
in biological treatment plants. Studies performed by the USAF Environ¬ 
mental Health Laboratory, Kelly Air Force Base, have indicated that silver 
removal is a mandatory requirement for photowaste being introduced into a 
biological treatment system (Reference 5). 

In order to attain these standards and provide for biological treat¬ 
ment of spent photographic solutions, efficient methods of silver recovery 
must be employed on Air Force photographic processing units. These units 
currently employ either electrolytic recovery, metallic replacement, or 
a combination of both in order to recover silver. A field sampling pro¬ 
gram to determine typical silver recovery efficiencies and operational 
conditions was performed to insure that the Air Force possesses the 
capability to meet future environmental constraints without compromising 
its operational capabilities. 

5 
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SILYUR RECOVERY 

Three alternate methods of recovering silver from spent cljemical 
solutions exist. Their applicability will vary greatly depending on 
the size and type of operation for which they are intended. 

a. Chemical Precipitation: 

Chemical precipitation of silver from photographic fi«t solutions 
ran be accomplished by adding various chemicals to the spent baths. The 
operation^s^cirried out in batch mode forming a,si.ver bear ng slud^ 

dîteS ^nd'packagcd”for ^finery' 'iMs dried sludge contiins 

S b" iiscardedPs'nce they no longer are suitable for use in photographic 

processing. 

The most common chemical precipitant used is su^* ^ich 
is added to the bath after sodium hydroxide has been to minimize 
formation of hydrogen sulfide gas. The silver sludge is formed by the 

reaction: 

Na-.S ♦ 2 NaAgS20j Ag.S * ♦ 2Na2S20j (Reference 2) 

The overall efficiency of this reaction is high, usually 100 percent, due 
to the relatively low solubility of silver sulfide. 

Chemical precipitation offers an economical nonelectric method of 
silver recovery, requiring a minimum of skilled operation. However, 
settling times are usually prohibitive, with a large area nmdeu to pro¬ 
cess îhl spent solutions/ This method of recovery is not widely used in 
Air Force operations. 

b. Metallic Replacement: 

"Metallic replacement occurs when a metal such as f”, 
contact with a solution containing dissolved ions of a lass activa metal 
sSch as silver," (Reference 3). Silver will displace aeveral «-tais in 
a solution, including iron, tine and copper, and ‘‘’¡'Tetheseelemens 
Into solution. East«» Kodak® is ‘he Primary producer ofth. 
replacement system, which finds extensive use In the Air f0*“*"™ “ui, 
The system crnslsts of an all-plastic, S-g.llon drum wh.ch 1> f‘‘^d “lth 
a spun-iron filler, and has a PVC plastic circulating unit attached to 
thePtop of the container as a means of introducing and circulating : ^ 
fixer solution in the container (Figure 1), (Reference 4). The lid is 
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Figure 1. Cutaway of Kodak® Cartridge 
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seaied in place to maintain cartridge integrity for shipping to a refinery. 
Cartridees^are theoretically designed so that 'one atom of iron uil 
exchanged for two atoms of silver" (Reference 2). On a weight ^sis 
almost four pounds of silver would be produced for every pound of iron 

consumed. 

The effective life of metallic replacement cartridges is determined 
bv a number of facíors First, the rate of fixer flow through the car¬ 
tridge must be slow enough to allow complete reaction to take place. A 
maximum continuous flow of TOO millimeters per minute 

''art ridge "^Th i s *wi 1 IT v ary "'accord i ng cT t he 'mat erial processed, the amount 
of slîvSr ex^^ 1 ÔÏLr factors. The acidity of the s».otic,, processed 
will also affect cartridge exhaustion rate and performance. As 
that is too acidic will result in premature exhaustion of the steeI 
Highly alkaline solutions will inhibit the replacement reaction. The 
optimum acidity is in the range of 4 to 6 pH, which is normally within 
the range used for photoprocessing. 

Metallic replacement offers several advantages over *i^er 
recovery techniques. The system requires no -«intAnance 
addition of chemicals and offers high efficiency with minimum 
Uoiïllr, îhe fix must be disc.nied after f bc^a"5e °f th€ high 
iron concentration resulting from the replacement reaction. 

Use of metavic replacement cartridges finds wide Air force 
application aLT,\»p.ci.Uy advantageou, at inatallatton, luuulUn, 
smaller volumes of spent fix. 

c. Electrolytic Methods: 

The electrolytic method of silver recovery employs a controlled, 
direct current'between an anode and a cathode hun, In the fixing solution 
to remove the silver. The silver is deposit.d on the c.tlwd« in the form 
of a nearly pure plate, typically 95 percent (Reference 4). 

Electrolytic systems have been installed Tb* 2”harged 
a»«iivAr the fix overflow from a processing machine as it is discnargeo 

to the sewer. This method can be either a conUm«^ JJ^^o^esi 1 ver 
depending on the volumes to be processed. TÍ .* r^ïd^urina nrocessing 
the fix continuously et the s«e rate that it * added during processing 
and to recirculate the desilvered fix. This . fixer It has 
draaeut by maintaining a low silver concentration in the fixer. It nas 
Leen found that the silver concentration of the recirculating flx 
ZTntTrZ as low as 0.5 greater with proper operation «d control of 
the electrolyte process. 
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The main problem encounteied in the electrolytic recovery operation 
is a reaction known as sulfiding. Iwring electrolysis, competing reactions 
occur at the cathode. The greater the electric current the faster 
will be the reactions. A limit exists when the current gets so high that 
s er ions caínot migrate to the cathode fast enough. This results in 
decomposition of the fhiosulfate in the fixer and the formation of sulfide. 
Sulfiding cannot he tolerated in fix recirculating systems, and the curren 
density must be closely monitored to insure that this contaminant is not 
produced™11 format ion of sulfide not only destroys the fix but also reduces 
the current efficiency and the quality of the silver plate. 

Several factors influence the plating process. Agitation of the 
solution undergoing electrolysis is probably th* 
consideration in obtaining efficient plating without decomposing the fixer 
bath Depending on the type of fixer used, different currents may bs 
üîuizell P wniu, thiosulfate .ill tolerate higher currents than sodium 
thiosulfate and, as such, the silver is plated more effJcien^* 
in an acid fix is plated more efficiently, with the optimum being in the 
range of 4.5. The addition of sulfate to the fixer Jurlng ®JectJ°Í¡[*iS 
will inhibit the formation of sulfide and increase the quality of the 
plate. 

The major advantage of the electrolytic process is that the fixer 
can le reused. Thi» is an economic advantage to those inst ail at ions proc¬ 
essing large amounts of spent fix. The silver plate is of a high purity, 
95 percent, and can easily be handled in the form of a solid. 

9 



SUCTION III 

FIELD samplinc program 

1. USAF HOSPITAL, TYNDALL AIR FORCE BASE 

r^p^rfFlUT Devf,oper and «XfS0lf 1« fedsto 

essed through a Kodak® cartridge prtor to discharge to the sewer, 
schematic of the system is shown in Figure 3. 

The initial sampling program was established utilizing two Slgm^motor 

samples were collected ana composited daily tor eacn stream 
indicated effective silver removal by the cartridge with s^s^"*re 
detected in the rinse water during the sampling p f - . 12 ¿ays 0f 
performed using atomic absorption sPec^°^°pyj t malfunction in one 
operation, the sampling program was suspended due to a mairuncti 
of the samplers. 

Although the results were encouraging, a 1°"*'^ sampling period was 

wa^outlined'to^determine the re^val efficiency 

and the silver recovery capacity of the cartridge. 

A survey to determine the amount of spent fix generated daily w« 

rríevís^ling «chni,« the 

Önl"1cö*ldna°Lreerepresen“t've sample of the total 

rs; -^itStïiirr .HÄ 
input^t^th^processor^Fipire^sboirt th® 
effluent from the cartridge versus time. It was rejauy seen^ ur] 

cient^and large amounts of silver passed through the drain. 
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usure 5 shows the effluent silver concentrations fron the ^tridge^ 

as a function of the amount ^mount of fix processed per 
excellent and quite uniform, ^.5 Thc breakpoint was experienced 
day during the early stage. ofd which is the manufacturer's 
in the region of 160 ^"Xls°^r Æ sysíeñ bnsld on a one gram/liter 
recommended capacity for this particular sy , 
allowable silver concentration in the effluent. 

From the film inventory, average values of stjver input to ^c p™c_”ur 
sor were estimated based on site and number of (Refcrcnce „. 

Thc^esuît s° indi cate'that'* t ^"silver in the 

rgüïè f shiiriheliwe'r^onren^auon in the discharge from the cartridge 

versus the average silver load input. 

Since cartridge performance depends on flow rate through the metallic 
mediaban attempt^ made » determinejlow conditions. J^^ystem.^s 

installed, contained no flow c processor is highly 
as produced by the processor. Ihe flow rate trom I run, 

Th^omnufacturer’s^literatur^suggestsa^fixer^flow^of^lOO^millimiters per 

í4h'isbloc«‘i"nh ^Attempt^t^sample the discharge for flow determination 
were inconclusive due to high variability. 

h comparison »f -.^ic^^^r^anjiysi.^^-*-*^«^ 
results obtained using the Kodak ní.íft_ J! tue true silver concentration. 

rÄa"o5Ä'r concentration were 1.71 gr-s/liter and 3.22 

grams/liter, respectively. 

The average silver concentration fed to the cartridge »» dU¡‘"!d 
this Investigation was lO^grans/lit.r « 0. «tro^ounc, per liter^ Us 

spent'fi^ca^b^produced^ íhil it,"to approximately 1.340 troy ounce, 
of recoverable silver generated per year. 

PHOTOGRAPHIC LABORATORY, TYNDALL AIR FORCE BASE 2. 

The Base Photographic Laboratory. «î”ûng 
spent rapid-fix solutions «c0(ï"î ° 71^st o? tU sp^t fix. IS .'metallic r.plac«ent cartridje (Figure 7) . Most of the ,p ¿ wd 

to 20 gallon. P«'«'‘f solutlon,°from theVfonics 
white prints. Spent photographix tixer photographic 
Maintenance Squadron are also P^cess d tnrougn cne in%f alif 
Laboratory's silver recovery cartridge. The quantity is ag 
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Figure 7. Batch Processing - Photographie Laboratory, 

Tyndall Air Force Base 
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usually about 5 gallons per month. Although a low volume source, this 
operation may be considered typical of many base operations in the CONUS. 

A sampling program was initiated to determine the efficiency of the 
Kodakw cartridge utilized at this facility. All spent fixer solutions 
were containerized and held for periodic disposal, generally performed 
twice a week depending on the volume collected. Kach time a batch was 
to be desilvered, a sample was taken from the storage tank to determine 
the influent silver concentration. The fix was then permitted to run 
through the cartridge by gravity at a controlled flow rate of Ilf) milli¬ 
liters per minute. A sample was taken of the effluent from the cartridge 
after a sufficient volume had passed through the cartridge (5 gallons) 
to displace the fixer already in the cartridge and insure measurement of 
the solution being disposed. The quantity of fixer processed through the 
cartridge was recorded in order to determine the useful capacity of the 
cartridge. All samples were analyzed using the atomic absorption techni¬ 
que. 

the cartridge provided excellent silver removal during the early phases 
of testing. Recovery efficiencies exceeded 99 percent during this time, as 
seen from Figure 8. This level of performance continued until over 300 
gallons of fix had been processed, at which point a distinct breakpoint was 
evident where the efficiency was reduced drastically down to a level less 
than 10 percent. This dramatic break in efficiency emphasizes the need to 
monitor the discharge from the cartridges frequently once the manufacturer's 
recommended capacity is within reach. 

The manufacturer's specifications for cartridge performance on this 
system call for a capacity of 220 gallons at a maximum flow rate of 300 
milliliters/minute. The operational flow rate of 110 milliliters/minute 
contributed significantly to the high level of efficiency obtained. The 
fact that relatively low levels (0.5 to 1.0 gram/liter) of silver concen¬ 
tration were being disposed of from the black and white printing operation 
contributed to the increased cartridge capacity. 

The metallic replacement technique also exhibited the ability to 
maintain a constant high percentage of recovery regardless of the influent 
concentration of silver being processed. As seen from Figure 9, the in¬ 
fluent concentration varied by a factor of 10 with no significant decrease 
in recovery performance. No maintenance or operational adjustments were 
necessary to handle this variability. 

Test strips were used in conjunction with the laboratory analysis to 
determine the accuracies obtainable using the estimating paper. Results 
indicate that lower silver concentrations are obtained using the test 
strips as compared with laboratory analysis. 

18 
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3. Al'ROSIW'l MinK' VISUM. SI.RVH'I., M)RIUN AIR FOR(.I. BASI. 

The Aerospace Audio Visual Service (AAVS) operates a large film proc¬ 
essing facility at Norton Air Force Base, California. The liquid wastes 
eenerated from'various processing «nits contain large amounts of silver, 
oò" sfuJy S eSnM,cdPthat 110,3)0 grams of silver enter the rtnses and 
solutions during a 3-month period (Reference 8). 

hlectrolytic units aro;tlU,d^ --er^he^i.ver^ro^he s^n^ 

P°v¡ding a"cascad removal cffe:t and a concentration of approximately 
Çnn il lierams/liter silver for fix recirculation. This recirculated fix 
is fed to8holding tanks and thei to a mix tank where it is combined with 
fresh makeup chemistry and used again in photoprocessing. 

The excess partially desil^red fix from all fixer recirculation proc- 
esses and dichromatc-contaminaied second fix from the 1 :astmanT;olor® 1|lt 
ortnt nrocess are coll-cted fo- additional silver recovery. These solutions 
ar^processed through an elecfolytic rotating dual cathode 
using the maximum available curent settings of 20 amperes. No at ipt is 
mad^to recycle the fix from tie tailings unit. The volume of waste fixer 
generated i" approximately 15 jallons per hour from the color Prin!°Pera_ 
Uon and 25 gallons per hour from the black and white Pjo«»« Both 
sodium and arononium thiosulfat? fixers were in use at M\S during this 
study and, as a result, the fker being desilvered in the tailing unit 
is some mixture of the two. 

In order to determine the removal efficiency of thetaUingoperation, 
a field sampling program was onducted during the period from 17 March 1975 
ts 10 April 1975. Samples we* taken during normal operation of both the 
influentsi1ver bearing fix ad of the desilvered effluent from the recov¬ 
ery unit. Laboratory analysi: using atomic absorption procedures was 
performed on all samples to d«ermine the efficiency of silver recovery. 

Tb* re«ults are shown in igure 10. Both influent and effluent silver 
concentrations showed a wide ange of fluctuation.Theinfluent concen¬ 
tration varied by a factor grater than 6 ranging from about 300 milligram / 
liter to about 2000 milligram/liter silver. The effluent from the tailing 
unit contained appreciable amunts of silver ranging from 100 milligrams/ 
liter to about 350 milligram/liter. 

The reasons for the large range in silver concentrations in the influent 
a * +t\ th#* nimber of unit» connected to this silver recovery unit and 

the variable workload. The preent removal averaged 74 percent during the 
sampling period. 

21 
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These results indicate inefficient overall silver recovery f™"> 
tailinvs operation. The reasons for this performance were traced to 
electrical problems with the connections to one of the ,C^°d 
Visual inspection of the cathodes indicated that one cathode had accu 
mu 1 ated a lesser quantity of the silver than the other. Also, su5s®^®nt 
to obtaining the results of the silver analysis, it was discovered th«* 
the flow rate through the tailings unit had been set at an J?!® 
of 350 milliliters/24 seconds. The flow rate was readjusted to 350 milli 
Uters/52 seconds, and analysis was performed by MVS personnel using an 
Argentometer. Remits of these analyses indicated silver concentrations 
less than 0.1 gram/liter are being obtained. 
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SECTION IV 

CONCLUSIONS 

The results of this study indicate that efficient methods of silver 

recovery are being employed by the Air Force on various photoproces.-'ing 

operations. Silver recovery using the metallic replacement technique was 

seen to be extremely efficient during the initial stages of operation on 
all processes investigated regardless of the influent silver concentration. 

The cartridges recovered 99 percent of the influent silver generated from 

black and white printing operations limiting the effluent silver concen¬ 

tration to less than 1 milligram/liter. Silver recovery from medical X-ray 
processing was also efficient, limiting the silver discharge to less than 

10 milligrams/liter during initial use. The gradual increase in silver 

discharged up to 350 milligrams/liter prior to breakpoint would warrant 

the use of two silver recovery cartridges in series on this effluent. 
Rotation of the cartridges would then be performed when the number 1 
cartridge is exhausted. The cartridges exhibited a distinct breakpoint 

on both processes, at which time the efficiency was reduced to unaccept¬ 

able levels, allowing most of the silver to pass through the cartridge. 

Although this study indicated that the metallic replacement cartridge 

was an effective means of silver recovery, proper usage and monitoring of 
the desilvered effluent is imperative. A comparison of results obtained 

from laboratory analysis versus the test strips indicate that the strips 

are only an approximation of the silver being discharged which, in most 

cases, were less than the results obtained from the laboratory analysis. 

It is essential that an inventory of the amount of fix being processed 

be maintained in order to determine the approximate breakpoint. The 

capacities suggested by the manufacturer were seen to be a good indica¬ 

tion of the useful cartridge life. The success of a silver recovery 

program rests on accurate and timely analyses of the effluents from 

silver recovery operations. A simple, more accurate test is needed to 

provide operators with the capability of determining low levels of silver 

and early detection of the exhaustion point of the metallic replacement 

cartridges. Specific ion electrodes may offer a possible solution. 

The use of the metallic replacement cartridge results in the undesir¬ 

able emission of zinc or iron when the silver is recovered. Its use, 
therefore, is not generally considered acceptable from an environmental 

standpoint (Reference 7). The Air Force should investigate alternate 

methods of silver recovery in order to insure compliance with future 

environmental constraints. 

Silver recovery using electrolysis was seen to be less efficient than 

the metallic replacement technique during this study. This was probably 
due to a malfunctioning cathode during the test period -- an indication 

of the problems that can be experienced with this type system and the need 

for close process control and maintenance. 
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Silver recovery has been shown to offer significant cost benefits. 

1,340 troy ounces of recoverable stiver ar g^ ^cover ra^ and a cost 

X-ray processor per year. Based on a 9. p realized, less 

in substantial dollar savings. 

The overall results of this study indicate 

aspects of these systems to insure maximum efficiency is attained. 
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apphndix a 

SILVER RECOVERY DATA: USAF HOSPITAL, TYNDALL AIR FORCE BASE 

Da.e 

Effluent Silver Concentration 
(milligrams/liter)_ 

Gallons 
Fix Used 

10 Jan 75 
13 Jan 75 
14 Jan 75 
15 Jan 75 
16 Jan 75 
17 Jan 75 
18 Jan 75 
20 Jan 75 
21 Jan 75 
22 Jan 75 
23 Jan 75 
24 Jan 75 
27 Jan 75 
28 Jan 75 
29 Jan 75 
30 Jan 75 
31 Jan 75 

3.1 
2.0 
2.8 
3.8 
4.0 
3.8 

6.3 
3.7 
5.2 
7.1 
6.4 
6.0 
5.8 
6.4 
5.7 
6.5 
9.0 

3 Feb 75 
4 Feb 75 
5 Feb 75 
6 Feb 75 
7 Feb 75 
9 Feb 75 

10 Feb 75 
11 Feb 75 
12 Feb 75 
13 Feb 75 
14 Feb 75 
21 Feb 75 
27 Feb 75 
28 Feb 75 

16.3 
19.4 
25.5 
34.0 
38.3 
13.5 
58.4 
53.0 
60.4 
66.4 
98 

69.2 
95.0 

3 Mar 75 
4 Mar 75 
5 Mar 75 
6 Mar 75 
7 Mar 75 

35.3 

1710 
2440 
3220 

9 

18 

20 

17 

19 

20 

19 
20 

20 

6 
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appiínoix b 

SILVUR RECOVF.RY DATA: IMIOTOGUAIMIK' I,AB0RA10R\ , 

TYNDAI.L AIR I'OUCr. BASE 

Influent 
Silver Concentrati^n 

Sample Number (mi 11 igrams/1 iter_)_ 

1 
2 
3 
4 
5 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

580 
510 
780 
820 

1300 
761 

1190 
460 
520 
400 
940 

3160 
930 
740 
450 
460 
900 
320 
550 
329 

1100 
644 

3360 
1080 

637 
975 
815 
565 
880 
975 

Effluent 
Silver Concentration 

(milligrams/liter) 

L.5 
LL.5 

L.5 
L.5 

.9 
L.5 
2.3 

.26 

.10 

.10 

.47 

.18 

.24 

.10 

.30 

.10 

.5 

.1 

.1 

.2 

.4 

.1 
2040 
1020 

577 
985 
795 
555 
905 
695 
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APPENDIX C 

SILVIiR RIlCOVliRY DATA: APROSPACP AUDIO VISUAL 

SLRVICH, NORTON AIR I'ORCL BASH 

Date 

17 Mar 75 

20 Mar 75 

24 Mar 75 

28 Mar 75 

31 Mar 75 

Influent Silver 

Concentration 

(mi 11 i grains/1 iter) 

990 

1970 

1100 

610 

620 

Lffluent Silver 

Concentrât ion 

(mi 11igrams/1iter) 

314 

340 

320 

160 

130 

3 Apr 75 

7 Apr 75 

10 Apr 75 

830 

912 

314 

145 

250 

107 

29 

(The reverse of this page is blank) 

Percent 

Removal 

68.28 

82.74 

70.90 

73.77 

79.03 

82.53 

72.47 

65.92 



INITIAI. 1' ISTR I Hlfl ION 

llq USAF/l’Ki 
llq USAI /l'RI V 
llq USAI'/PRIT: 

llq USAT/RI'PQ 
llq USAT/RI'PS 
llq USAT/SAFOI 
llq USAT/SU PA 
USAT Fnviron Health I.ah 
Kelly AFB 
USAT Fnviron Health I.ah 
McClellan AFB 
AF I SC/ICM 
Hir Aerospace Safety (AFISC/SF) 
AFSC/DI.CAW 
ArSC/DASR 
AFSC/SI) 
AFSC/SGPH 
AFSC/SGB 
AFSC/DF 
AFOSR 
ATC/ATSGPAC 
ATC/DE 
AFSC/DEE 
1035 USAF Tech Op Gp 
CINCSAC/SGPE 
CINCSAC/DE 
TAC/SGPE 
TAC/DE 
MAC/MAASGP 
MAC/SYMY 
MAC/DE 
AFRES/DEMO 
AF LC/DE 
AFLC/iflRF 
AFLC/SGPE 
AFLC/MAUT 
ADC/SGM 
ADC/DE 
AAC/ALSGP 
CINCUSAFE/DE 
CINCUSAFE/Surgeon 
4th Med Serv Sq/SGHB 
PACAF/Hg 1st Med Serv Wg (PNLW) 
USAFSO/DE 
USAF Academy/DE 
USAF Academy/PFSPR 
USAF Academy/DFCE 

AIII./I.IH. 1 
AUI. (AUI./1,51:-70-239) 1 
Air University/Surgeon 1 
Air University/AUFUG 1 
AFIT/DFM 1 
USAFSS/DFMM 1 
llq CMD/DFF 1 
ASD/4950 DF 1 
SAFrriC/SFH 1 
SAMSO/SG 1 
F.SD/Civ Fngrt; 1 
Mitre Corp 1 
ADTC/DF 1 
tISAFSAM/FDAO 2 
AMD/RD 1 
AFAPL 1 
AFATL/DLDF 1 
AF AL 1 
AFFDL 1 
AFRPL 1 
AMRL 1 
ARL 1 
AFCRL 1 
RADC/EMEAM 1 
AFFTC 1 
AEDC 1 
OSAF/SAFIL 2 
USAF Rgn Civil Engineering 
Atlanta 1 
USAF Rgn Civil Engineering 
San Francisco 1 
USAF Rgn Civil Engineering 
Dallas 1 
USA Environ Hygn Agency 1 
Ch of Engrg (ENGMC-RD) 1 
Officer of Army Research 1 
Dir, USA Eng R§D Lab/MERCD 1 
Dir, USA WW Exp Sta 1 
USA CERL 1 
Dept of Army (DARD-ARE-E) 1 
USA Coating S Chem Lab 1 
USA Med Environ ETgrg Research 1 
Cmdg Off § Dir, NCEL 1 
Environ Protection Div, OP-45 1 
NADC/MAE (Vehicle Tech Dept) 1 
DDC 12 
OASD/Health Ç Environ 2 

1 

-> 

1 
1 
-ï 

T 

1 

1 
1 
2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
2 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
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INITIAI. DI STK I BUT ION (CuNlM.IIDIIT) 

AK PA 1 
DMA/Aerospace Tnt ï' (IT.) 1 
Defense Kesearch P.a^r« • 
fnviron Protection Ajincy/Iech Div 1 
I.nviron Protection ARncy/Proj>ram Op 1 
National Science Poundat ion 1 
Dept of Army Inviron Ofc, DAl.O/Pl:e 1 

Defense Supply ARcncy 1 
APCTC/TY 2 
APCP.C 01.-M 5 
AI'SC/SGB s 
•UYS 1 
.AMSIl.-CI-IIQP ? 
4756ABC./OTP 1 
APCIT/Tech Ub l-c 
APAH./DLOSI. - 
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