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PILOT PLANT DEMONSTRATION OF A SULFIDE PRECIPITATION PROCESS
FOR METAL-FINISHING WASTEWATER TREATMENT

1. INTRODUCTION

1. Subject. This report describes a program designed to evaluate the effectiveness of a
metal-finishing wastewater treatment process based on the removal of heavy metals as metal
sulfides by the addition of a soluble sulfide to the wastewater. The effectiveness of the process
was demonstrated through the operation of a pilot demonstration system designed to treat
18,000 gal/d of toxic metal-bearing wastewater. The system was installed and operated at the

Tobyhanna Army Depot (TOAD), Tobyhanna, Pennsylvania, where extensive electroplating
and other metal-finishing operations are carried out for the Army.

2. Background. In September 1980, a contract was awarded by MERADCOM (now
Belvoir R&D Center) to JRB Associates, McLean, Virginia, to design, fabricate, install, and
start an electroplating wastewater treatment system at TOAD. The plant had to be designed to
treat a daily flow of 18,000 gal of wastewater during an 8-h period. The wastewater would
contain a number of commonly used complexing chemicals, such as phosphates, tartrates,
EDTA and cyanide and one or more of the following metals: copper, nickel, chromium, zinc,
lead, cadmium, tin, aluminum, and iron. Specifications called for the complete system to con-
tain equipment for cyanide destruction, chromium reduction, metal sulfide precipitation by
the addition of a soluble sulfide, and sludge dewatering. The process effluent discharged to the
sanitary sewer had to meet proposed Federal Environmental Protection Agency (EPA) pretreat-
ment standards. The sludge produced had to be dewatered to a minimum of 20 percent solids. 0

The process and design criteria evolved, in part, from the data developed in a previous
treatability study of TOAD plating shop rinsewaters conducted in 1979.1 2

11. INVESTIGATION 0

3. System Design Specification. The system had to be designed to fit into a space 15 ft
wide, 13 ft high, and 65 ft long. It had to treat a total daily (8-h) flow of approximately 18,000
gal of wastewater composed of about 2,000 gal/d of chromium-bearing wastewater, 4,000 gal/d
of cyanide-bearing wastewater, and 12,000 gal/d of acid/alkali rinsewater. Table 1 gives the 0
effluent standards which had to be met. These standards were the proposed EPA Pretreatment
Standards for Existing Sources, published in the Federal Register, 1 October 1979. Table 2
presents the major design specifications of the system which were developed from the informa-
tion produced in the 1979 treatability study and preliminary design calculations.'

1"Engineering Analvi. and Feasibilitv Study for Treatment of Plating Shop Rinsewaters at Tolbvhanna Army Depot." prepared by Walden

of ,bcor. Inc.. Wilmington. Massachusetts (31 Oct 79).

2 "Design Criteria and Budgetary Cost Estimates for Treatment of Plating Shop Rinsewater at Tobyhanna Arm Depot.- prepared by

Walden l)iision of Abcor. Inc.. Wilmington. Massachusetts 120 Nov 791.
3 "Preliminary Design Calculations. Electroplating Wastewater Treatment Plant. TobYhanna Army I)epot." prepared by

JRH, AAsociates. under USA MERADC(OM Contract DAAK-7(0-80)C.4)l95 112 No% 80).



Table 1. Treatment Standards for System Effluent

Average of )ailv
Values of 10-d'

Pollutant Maximum For (Consecutive Monitoring
(mg1I) Any I (I Shall Not Exceed:

(anide. Total 0.8 0.23

(opper .4.5 1.8

Nickel 4. 1 1.8

(;Chromiuml 7.0 2.5 0

Zinc .1.2 1.8

Lead 0.6 0.3

(admium 1.2 0.5

Tl 2.5 1.0

- lllin nIlll 1.0 0.5

Total Metal 10.5 5.0

pll Between 7.0 and 10.0.
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4. System Configuration. Based on the design specifications given in Table 2. a con-
tinuous flow-through treatment system was designed. A flow diagram of this systeni is shown
in Figure 1. The system consists of segregated chromiunt wastewater and cyanide wastewater
collection systems. an acid/alkali rinsewater sufip: a unit for the two-slage oxidation of
cyanide by alkaline chlorination, a unit for reducing hexavalent chroniun by sodiun
mnetabisulfite addition; a surge tank to conibine the three segregated wastewater streams, a
4-compartment section for ph adjustinent followed by sulfide, ferrous sulfate. an(d anionic
polyner additions; a flash mix tank. a flocculation tank: a laminar plate clarifier, a polishing
filter, and a clear well equipped with a hydrogen peroxide feed systeni to oxidize any residual
sulfide. A mud-well is provided for receiving the filter backwash water and filter press filtrate
for recycling through the treatnent svsteui. The various itens of equipnient such as punips.

level controls. mixers, and pH and oxidation-reduction potential (0RP) measurenient devices
which make up the system are listed in Appendix C. Figures 2 through 6 show a section of the

treatment systeni before installation and several components of the svstenm.

5. Treatment Process Description. Following is a description of the unit processes
andl equipment conprising the system:

a. Cyanide Oxidation. Rinse water front the cyanide (CN) plating tanks flows to
the cyanide sump. Fron this sump. the rinsewater is pumped to the first-stage tank of the
cyanide oxidation unit. Sodium hvroxide (Naott) is added to raise the pi to 11. and sodium 0
hypochlorite (NaOCl) is added to oxidize the cyanide to cyanate (CNo). The Naol addition is
controlled by a pH controller. The Nat)(Cl addition is controlled by an 4)RP controller, to pro-

duce a potential between 350 iv and 400 my. The wastewater then flows to the second-stage

tank where sulfuric acid (if2S2)) is added to lower the pHt to 8.0 ± 0.2, and additional
Na)C1 is added to convert the CNo to carbon dioxide and nitrogen. The (RP in the second-
stage reaction is niaintained between 580 niv anid 620 niv. The chemical equations for these
reactions are as follows:

NaCN + Na)CI = NaCN() + NaCi (First Stage):
2NaCN( + 3Na0CL + H,) = 2C0., + N.2 + 2NatH + 3NaCI (Second Stage). S

b. Chromium Reduction. Rinsewaier froni the chrontiuni (Cr) plating operations

flows to the chroniuni sump. From here. the wastewater is pumped to the chrontiun reduction
tank where H2S(O is added to lower the pht to less than 2.5. Sodiun netabisulfite (Na2 S2 )5) is

then added to reduce the hexavalent chronium ICR (VI)) to trivalent chromium (Cr(llI)). The d
ORP is maintained between 250 mv and 3) niv. The additions of the 112So, and Na2S2( Lare
controlled by pH and 011P controllers. It is necessary to reduce CrVI) to Cr(Ill) in order to
make it amenable to precipitation as chronium hydroxide (Cr0()tt):,) later in the treatment.
The following chemical equations show the reduction reaction:

Na.,S,0. + [I,() = 2NallS():

2H 2CrO( + 3NallS. 1 + 312501 (r.1S()i 3 + 3NallS0 + 51120.

4 •
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Figure 6. Control panel.

c. Flow Equalization. The effluents from the cyanide treatment unit, and the

chromium reduction unit are combined in a surge tank with tile acid/alkali rinsewater pumped
from the acidlalkali sump. The acid/alkali wastewater. the largest volume of wastewater to be
treated, is derived from such operations as surface preparation. chemical conversion coating

operations, anodizing, and plating shop floor drains. Flow equalization serves to provide a
steadv, controlled flow of wastewater to the sulfide precipitation process.

d. Metal Precipitation.

41) pH Adjustrnent. The combined wastewater is pumped from tie surge lank to
a neutralization tank where the p|1 is adjusted to 8.0 ± 0.2. Control of pil at this point is %er

important for a number of reasons: (a) to prevent the generation of toxic hydrogen sulfide gas:
(b) to insure the optimum removal of chromiun hydroxide, which is amphoteric. and (c) to pro-
vide the proper pl| for metal sulfide )recipitation. It should be noted that chromium *
precipitates as an hydroxide and not as a sulfide.

9
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(2) Sodium Sulfide Addition. I'olloii ing pl I ailjii-tnient. the masia-teater flo%,

ito the silfiqle addlition tank %ihere Na.,S is added-o to lirevl'iltate the liea%% umetal-. oilir than

Tifi4' ion1 probie andl colntroiller to lormidtll anl exe- Of' apilroitinitel I lt-,/ I of stlitll 11411.0

'[it- foil II44in g cheinica ed I atnin illuist rates the react i (n.:

%1+2 + N.,S = NI + 2Na+.

'The inet a I fii i e- ,.i i in ll in'ei are ext reieli filiel i-etlaile('4 li i - I lii I
liedi I4 hle (' n lit n ed li b$ ii mlher treatimenmt toi ii re their - iie inIremi i al It hi ed iiileE ia-

tlion aned pishing filtration.

13) Ferrous Sulfate Addition. Fol 1144ing t he ailditio it' of \.,S. t ie wasite ater

floiu to the ferrolus suilfate i "'o-Sol allitioil tanik. A soltitiiii Oif h-( ) is aililed to) react %4ili

the excess suile jin to foi -n i mI-ui itle fern in- stil fid i'IleS). The Fe~o( 1also a itkl in tfle a,,-
dlimieratiomi of the clliulal mnetal suilfides -, iv rniing anl ironi hnlroxile floc4. lii ferriioll113

cani als I - e-re as a i'ir4oini urn re4Imc iii g agent as well as a ('at at it ill the reu incin (414it' hiex-

ialt'nt chroiim 1i trii alein 4'lniiiini I lie tl (e4 Iin. in the e~t4'nt that ani. tintvmir'4lIl

u'liroiimii coies tiroigl thel 'hlrlimiiilni r4'ltil'tii unit. The- ariiis liirainic4ro. atleling them-
* ~re'ac t ion ini biai eeniii il'- i gat ed relt-iI in Iab14 rtorn an 14 iill--'ale- tmlies for the Air Fourc'l'

4-.1 Polvmer Addition. Following tl1w addlitii opt 'ril-w stidlate, thel 14asteiiater

flowsi to at flash ilh tank. -uhcre ami aniicE po~l iele('trOilytel' i-ooftloo is a(ldoelI. Wfter at I-iii
fl ash inii. thle % astewater flo ws to it a Ill n'itiitin chl oc 4'r fo r ge i ii m. H1ere. the

-Iswie oisare agow te into rtaiksi 'e~ flov piaiiles for subs)equlenlt renIllial

iii thel laiiinar pitat( c'larifier.

e. Solids Removal.

I ) Laminar Plate Clarifier. Fol lowing f1 lcillatioin. the "astemwater ftlows tol a

auiimiar jitat c'larifie'r. w4here the fii'd loc sti'ettles lolo at stalk lit' sloieltt ('(iltigirell.

iiltiei. parallel plates ando theni (Irlis 4(414 Ii to at lllif-ilr at till' bas( (if the ('larifit'r.

12) Polishing Filter. T'he oleilomil fromn the' larifie'r passes throtigh at (iiai-

owii('lldjnlishing fliter for the remiol o~f alr~ iia snoiiih-ll41 soli~ls niot reinmliiA in the0
clarifier. t.e fitter ilildia is c('(ifjlo('(l lit -all .l allot 111ra('itl. Thel( fllt(r is lialk%%aslied
dumiiatiu'alli %iI h u% ater trim thle d'IlarwvIel. 'T'e baik%%a-li is dlischlarged toi t11l 1111l(k4A'll tlir

-t((rag' andl eientiiat dlischlargel' alk toi thel tilovi elomalizatiii tamik Ilir rl'l'1 ('hg throuigil the'
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(3) 4:lea rwell. The filter efflIutent floii t o a clvadI I %lI iv re i Ilr..geis liHr4~i4e i1
addled Ito oxidlize ani% residual sualfide. Tlhe treated %% ater thlen How si I grai it i to flit, -anitari

-e~er.

f. Sludge Handling.

(I) Sludge Thbickener. Sludge fromn thle lin oflt-e clarifier i- oitle

atitomivtiali to it slud-lg tllicke-ier to increase it., solid,. content bef'ore, ulviiateril. The dt1eti
from liu- thijkeier-l is retturned to ft, mud-well for suisetqueit pum~ipinlg to ftequtpalizationi

tank amil rec~i-ling thri flgh t- trevatment syswit.

12) Filter Press. Slhudge fromn the( bottom (of fte slud-e thickeiier is atitomnaticalk

ipiiiiieu to at filiter p~ress for ileiaterilig. '[lie filtrate is returnedo Ito flt- iiiiiE-vtel amd theni ito the
equlalizationl tiik for rve-tclin g throuigh fte treatmnt - steinm. Thel( fleiatervil sluidge
discharged to a -5 -al driiin anid 4i51 se41 of' as at hazardous %~aste.

g. Safety Featiarep. X nuiinlwr 411 saftt fe-atures are- inelltell it) flt svtenil 1esiv'il.

T[he ci aid e. chr onmin,. a 14 nd i'lo trea tinven tIaniiks are ('(le ret antd ion le % iithI a eon-
tinluouis %i~tilation %sl-emn to e~xiiatust anl% toxic gas suich as chloriiie. idrogent tiaidlt. or

h~r nslfidet %-.1h(441(1b geterated through alnoril operat ion 4)9 flte trleatin
sitNi14,1. l'ro(e-.- tontrttl deciice- t'4uippe)d ii ith alariin ba'.ebeen lIroli ited to i- am ol~terattirs of

hiazardouls conldition pituch asloi% loll inl tlie cianide tan.hg rlwll ildvnurlzto

tank. and lii jill inll' (,slfille tank. A ater leiel vontrllers and( alarm- liaie beeni ineluded.
11W~gen miasks. f i rce.t iiiihers. eie- i a-her. and4 anl automatic sjlriniklvr -,stemi lia%(e also

6. Svstetn Te-41%. ole' l it, Sy14 stemil was ('1111 icew il iiitree pli ases 4ls iatq Ias
l'olloii : Start uip Ie-t. krim Eniiroliieutal I kgiene ligenc\ XEMIAt Silriei. and lBeloir

R&MI (:.entq-r MI(nit4Irimg l'r4ralli. 'Ill#, stail il t4'~tiiP' %%a- conduci11ted4 loiflt- contrac'tor top

4iinmistralte thw sis te pl erformncle and14 t4i train flte oi v'rat (r-.I ..Th h11 *\ -u rieisis -(otil-'

4111te-4l as A ater I ilaliti Engiineering Sfie4iaI Stuid% No. 32-2.1-0331-81I. The4 Beliiir Motnitoir-

iig- lrogran %as condlucted top e ahiatel -I %Aviii 1w4rlrmiailct (er all vevited~tt period tif

ope ((rat ionl.

it. Stt ill ) 'Uest-. 'Ihe termsi of flte contract ais ardvl to, .111 XB~-loliatI'-. Inc4.. ca~lledl
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b. Army Environmental Hygiene Agency (AEHA) Survey. During the period
30 March through 6 April 1983, a survey team from AEHA, Aberdeen Proving Ground,
Maryland, conducted a water quality engineering study; the purpose was "to evaluate the
recently constructed metal-finishing wastewater pretreatment plant (MFWPP) at the 0
Tobyhanna Army Depot." Samples of the wastewater and sludge were taken at 14 sampling
points shown in Figure 7. Samples of wastewater were analyzed for cyanide, heavy metals, oil
and grease, suspended solids, sulfide, pH, ammonia-nitrogen and nitrite/nitrate-nitrogen.
Samples of raw sludge and thickened sludge were analyzed for solids content. A sample of
dewatered sludge was subjected to the standard EPA solid waste extraction procedure to deter-
mine whether the sludge should be considered hazardous according to Resources Conservation
and Recovery Act (RCRA) standards. The analytical methods used were in accordance with
EPA procedures.6 7

c. Belvoir Monitoring Program. During the period between July 1983 and
December 1983, a number of wastewater and sludge samples were taken at seven points in the
treatment process and shipped to the Belvoir R&D Center for analysis. The samples were
analyzed for cyanide, heavy metals, suspended solids, oil and grease, and sludge solids con-
tent. In addition, several samples of sludge from the filter prss were subjected to the standard
EPA and Battelle solid waste leaching procedures to determine the toxicity of the sludge.
Samples were taken of the cyanide treatment unit influent and effluent, the chromium reduc-
tion unit influent and effluent, the acid/alkali rinsewater, surge tank effluent, and the
clearwell water. Heavy metals were determined by flame atomic absorption using a Perkin-
Elmer Model 503 atomic Absorption Spectrophotometer. Other analytical determinations were
made in accordance with procedures given in Standard Methods.' The apparatus used in the
sludge leaching tests is shown in Figure 8. 0

III. RESULTS

7. Test Data. The results obtained in the start up tests of the system are given in Table 3
and Appendix A. The results obtained in the AEHA survey are given in Table 4 and in por-
tions of Tables 7, 8, 9, and 11. The data for samples dated 30 March 1983 through 30 April
1983 given in Tables 7. 8, 9. and 11 were extracted from the AEHA survey report."0 The
results obtained in the Belvoir R&D Center monitoring program are given in Tables 5 through
16. Appendix B. and Appendix D.

6 "..Methods for Chemical knalvis of Water and Waste%.* EPA. (Mar 79).

7 .Toest Vethods for Evaluating Nolid I9ivttes.' EPA (May 80).

8 .,lid Waste Leaching Prenlure,,.- Battelle (Coltumbus Laboratorie, (1980).

9 .Standard Methodts for the Examinati n of Water and Watewater." American Public Health .smiciation. American Water Works

msmoeiation. Water Pollution Control Federation. New York. 15th edition (1980). 0
.Water Qualiy Engineering Special Stud 's No. 32-244)331-84. Metal Finishing Waotewater Treatment Plant Evaluation.- Tolyhanna

Arny Depot. Tobyhanna. Penn*sania. 31) Mar - 6 Apr 83. prepred by U.S. Arms Environmental Hygiene Agency. Aberdeen Proving

(;round. M) 21010.
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Table 8. ilexavalent Chromiun Reduction Data

Chromium Reduction Unit

Sample Date Inflh-nnt Effluent Clearwell
(1983) (mg/i Cr (VI)) (mgi1Cr(ilVy))

30 March 3.12 < 0.025 < 0.025

31 March 1.99 0.037 < 0.025

01 April 4.59 0.105 < 0.025

04 April 0.5 1 < 0.025 < 0.025

05 April 0.81 < 0.025 < 0.025

12 July 0.31 < 0.025 0.04

19 July 8.00 0.38 < 0.025

02 Aiigust 0.59 < 0.025 < 0.025

09 August 0.28 < 0.025 < 0.025
i0

23 .Augist 2.68 0.42 < 0.025

30 Amgust 0.64 0.27 < 0.025

06 September 0.38 0.27 < 0.025 S

20 Seplember 0.38 0.28 < 0.025

27 September 0.85 < 0.025 < 0.025

6 18 )ctober 1.0 < 0.025 < 0.025

25 ( htobr (. to < 0.025 < 0.025

07 N, nbiwr 0I. 18 < 0.025 < (.025

15 Nomcmler 7.2 (1).26 < 0.025

22 Novmemlr (.71 < 0.025 < 0.025

20

r • • • qp w m, 0



Table 9. Clearwell Effluent Suspended Solids

Sample Date Sislpended Solids*
(1983) (rag/1I)

30 Mar 3 .0

31 Mar 18.0

01 Apr 4.0 0

04 Apr 8.0

05 Apr 1.0

22 Jul 8.8

09 Atug 6.0

23 .AXug 6.4

30 Aug 5.9

06 Sep 6.7

27 Sep 1.52.0

10 Oct 1.9

20 Oct 21.5

25 Oct 6.9

II No- 3.3

22 Nwv 53.0 S

06 Dec 2.0

4 13 IDec 1.5

%Avrage 18.8

*E- Limil = 61) inl-From "lPrp.cd Rules. Best (Convctional Po liution (Control
" If,','hIIh~gv Efflun't Iuiitait lion (G;uidlinv' . 17 FR -19176. 29 ()ctolwr 1982.-

21



Table I(). Efflent ()il and (;ream

Sample )ate O il and (Grea e

1983 (ragI ) 4

01 N , 22

(8 No 5

10 Nov ( S

15 No% 9

17 NoN I.t

22 NoN 12

29 Nov 21

02 Dec 7 0

06 Dec 8

08 )ev 20

13 Dec 20

15 Dev 16

20 Dee 12

22 IDec 16

28 )ec 10

29l Dec 12

.Average 12.8

22S



60

'able II. l)eD atered Slmlhw Solid,

Samleh D~ate sUll..wlhd l Solidl-

(|0993) (CA1ll11'l1l J"()

06 .\pr 22.9

23 \30 .(4.3

30 .\, 18.3 0

09 S,. 1I 32.2

20 Sep 16.1

27 S IT 21.3

25 (ct 22.01

07 No 22.5 0

22 No% 2t.1

13 I) c I 1.2

A• \rage 22. t

23*
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Table 12. Operating Time. Wastewater Flows, and Volume of Sludge Generated

Wastewater Flow
Month Operating Time Total Rate (gal/h) Dewatered Sludge
(1983) (h) (gal) (Avg) (55-gal Drums)

February 180 279,835 1555 3.0

March 224 358,168 1599 3.5 S

Alpril 209 378.1,6 1809 4.5

%fa, 220 371.307 1688 3.5

June 216 366.046 1695 3.0

July 212 376.41) 1776 2.5

\uguI 268 471.613 1760 4.5 6

Septeniber 272 514.860 1893 3.5

October 196 373.436 1905 2.5

November 220 434.246 1974 2.0

December 231 417.141 1806 2.5

Total 22418 4.341.245 35.0

Nlinthl% 223 394.659 1773 3.2
Average

24 5



Table 13. Volumes of Segregated Wastewaters Treated

Mnhastewater Treated ((;al)
Month

(1983) Acid/Alkalie Cyanide Chromium Total 0

February 259.980 0 19.855 279.835

March 39,630 0 38.565 358.195

April 309.964 34.342 33.850 :378. 156

May 312.012 33.132 26.163 371.307

June 322.164 29.694 14.188 366.046 0

July 322.280 29.810 24.320 376.410

August 389.753 42.086 39.774 171.613

September 414.980 41,657 58.223 51 1.86)

October 303.716 31.458 38.262 373.136

November 338,940 .19.607 15.699 13-1.216

December 344,596 30.976 11.569 t17.1 t1

Total 3.638.015 322.762 380.468 1.3-11.215 S
Monthly 330.729 35.862 31.588 394.659 

Average

Iq
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8. General. 'nihe prcess upotn wshich the TO )ADI itetalfiiiikhiitg wastewater treatmlenit
systemil is lia~et is generally referred to as sulid~e pret'ipitkltioii. It is tone oid anumbiiler of' pro-

ceses a' a iiab foIcInr rem-iiii toxic. he(av v net aI Irt o im t -f i~I ng ~watwa r 1
mots~t%% iel ustied Iprovie" ciirrent IN Ilse( ftoir this pu~rpo~e is the hv- d rt x it prt wess. This p rovve

lis-. alkali such as hi drated lime (C(014 Il?,1 (or caustic soda I\aI )t adJlist the Jl of the

wastewater to the pint whiere the mietals iiivtlvetl exhibiit their mjinimumi stilublilitv. '[e
met alIs are pirec jipit ated as metal It t Irt x ites alitd are rrint ved a fter fltcculiiat io n. setdimnent at itoni.

antd filtrati tof' anl% stolidis carrietd over I'rtin a sedlimniitationr Iia~ii. li (he ca.,e of thel sididte

pirocess. the metals are, Pirecipitaited liv the addtitionl of at soltilile sulfide suich ats soidiumr sulfide

Na, or soiutm Iiii-ulfide (Nal lSf. or anl insoluible siidelt sutli as ferrous sulfidle ItF.

Il oprn ido iprecipiltatioin Withi sulfide pirecipitationi. a nuimbier of' advan-

ta ges if lit, iiifite proivest~, cal bile pin it ed ot it. Moist heavy metalI suliifitdes Ita-v Itiwer

stilifiies thtaiin tirresitliomitg metal hvtlroxides. li tilt- case, Of metal hvtlrtxides. the

iiiini 'olililities (of differentt metals ovecur at different 111 %alties. Because tif thle alnt-

ihtiterit nature of somie imetal hlttrtixitle ihere the iiiniiin suolubility is ctonfinedi to a liar-

rtu ii~ range. the remmt ~al o if me tal from miat mxii -ni ial %s atvi ater byv hytdro xitde pirec~ipitationi

is not alw~ays -at i-factor. TIi is aii realik lv e en lb% referentce to Figure 9 wt ith shows the

soluilities. of ittetal Itytlrtxitles antI silfitles is at fuitetiton of' Jil.

htler alvantages tat lie titttl. Suid~te piretiputiation. mnlike htydroixidet precipuitaition. is

relativeli in.-ensiti ic tip the presenve #J verfain itmpiexiitg andt tctelatiitg agrents toften used iii

itet al-fiiish in g 411 erat itis. Anot t htr is thIiat hex a~aIt t htrton iti in all lie retduiced I h the sutlIfitde

iton toi t ri~a lent chirtiitiil itt i the iresecvt of fe rrt is itn. As ittot et und iter Treutrnen Pricess

Description. piaragraphl 5. th is advantage is inicoirpotratedl ill the TO ADI system ats a biatk upl it)

intsire that ( r IVI is reduiteil to, (r 1111. if for any reastii the tltruuniuin retduictitin unit is per-

foruting ahiitrntallv. Witht rearti to sludge pirodulcedl ill tOe tw6o processes. the metal suilfitle

sluitlges are, more readily iewatereil to) a higher otlidls ctontenit. antd the ituhuinie o ludg

genlerated /u iit tweight of metal remmiet d in market II le, iii t he tase (t' f eitalI sul fitde sh1141ges.

'The t w%4i prtocesses usintg suilfide liretiliitatitil are gtviieralk referretd tti as the tiule

silfile- piricess antI the ~isiull'suilfidle" pirovte!,lThe main difference ilt the twol pirocesses

is lite mnntier iii wlticli the sulfide ioiitis atdtetd tti the wastewater. Ili the insolubile suilfide pro-

vv~s. a sliglttl% silublle ferroius suilfide sliirrN piroduced~'t li the ill-situ reacttiot tif' ferrous sullfate

antI stiln sulfide is added to the u~astvewatvr tot suipply the stilfidle ioin ieteed ftir 1urecipita-

tioif. li thet stiolule sulfide pirocs. the sulfide iton is jirm~itlet li% the addition of' at olluiiui tif'

s-imun suilfitde oir stimnliui hdrtsulfidc.
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Figure 9. Heavy metal hydroxide and sulfide solubilities vs pH.
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In the trealabilitv stndv ciiniluted in 1979. a itiimber of' auliantaaes oif the soluible

sulfide process over the insolule suilfide process were cited. This stuidy was conducted with
synthetic mnetal-hearing rinsewaters preliaredl with laborator%-grade reagents andl with

simulated wastewaters preparedIb i g and dfiluting sarnples fron the actual plating andi

inetal-finishing biaths in uise at TO AD). The studv re port indicated that although Na.,S. Nail 5 .

and colloidal FeS are all effective in p)recip~itating heavy mietals, the uise oif colloidal FeS as the

precipitating agent has several dlisadlvantages. These include higher (i1 )rating costs. ni1ore

sludge generation. greater operational conijilexity. andI problenis oif control with highly

variable contamninant loadings. The rel)ort concluded that for anl automiatic system,. the soluible
sulideproess uingeiter aS or N allS should lie designed for TO ADI. It also reconi-

miended that: (I) a separate chromniumn reduction step) using sodiumi inetahisulfite be used: (2)
an anionic p4lvelectrolyte flocculant be uised as a floecculant aidl: (3) a 1)olishing filter be usedI

following, sedinlientation: (4) a filter 1iress lie uised for sludge dewatering.

9. System Start up. A review of the analytical dlata generated dutring the 10-dlay start

up) of the systemi indicates that the systemn was p)rodticiiig an effluent with p)ollttaiit concentra-

tions well within design speccifications in all cases except aininuini. This was due to

nnmexpected high levels oif altuminnum in the influent to the systemn conibined with somec eqilj-

mnent problems which have since been rectified. It should b~e notedl that the mnost recent F~ederal

stand~ards." in contrast to earlier standards f)roposed at the tine the TOAD systemn design

specifications were preliaredl. no longer contain either a tin or an alumninnum standard. The

decision not to include an alumniiumin imnit in the latest standards was 1irolially based on the

fact that any aliniintum in the systemi effluent being dischargedl to the sanitary sewer wouild lbe

settled out as altumintum hydroxide in the p)rimiary clarifier of the sewage treatmient plIant with

noi adlverse effect. Therefore, any excur-sion of the aluminumn concentration outside of the

origtinal design standards need not he considered significant.

10. Army Environmental Hygiene Agency (AEHA) Survey Findings. The essential

findings of this 10-day suirvey taken froni the suirvey reliiirt are as follows:

Thle NIFWPP is mneeting its design limitations. with the exception of the aliimniin

and lead limnits. The hihlead level was dune to a temporary excursion that was cor-

rected. The aluminumn level was fEIIW to) poor solids remnoval.

T[le Nl FWIP is coin Iing with the newly proniuilgated Fedleral NMetal-Fiiiishin- 0
Categiirical Effluient I itnitations. with the exltIVItioni of the lead and 1411 limnits. The

lead] non-complliance was d ice to a temi irary excuirsion and~ has bieen corrected. The

lihI ni ig-coniili a ne wasi d tie to oiverI-, c iicciit rated canlst i .
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A large volume of mnetal-finsihing rinsewater is. being dischargedI untreated to the

sanitary sewer. Ilecause the current rinsewater flow exceeds the NIFWPP design

capacity. This uintreatedl rinsewater has caulsedl the sewage treatment plant to exeed~

the proposed cadmnium limit in its discharge permit and has probably inhibited the

STP's amimonia removal and~ anaerob)ic digestion.

The overall performiance of the NIFWPP is adequate. There are. however, several

operation. maintenance. and~ dIesign 1 )roblenis that are hintdering the plants

reliability.

The operations and maintenance of the MF'WPP needs, to lie improved. This is (fie
mainly to inadequate training and( a poor Operations and Mainteniance f(()&M)

mantial.

A number of dleficiencies have been identified ad~ various corrective actions

recommended.

A review of the findings and the detailed analyt ical data p~resentedl in) the survey report

indlicated that the treatment process. per se. was effect ively accomplishing cyanidle arnd metals

removal. The average values of metal content for the five complete analyses of the pilant ef-

fluent were all within (lesign andl Federal regulatory requirements, excep~t for alunminunm andl

lead. It should bie notedl that the lead non-compliance %4as observed in only the first sample

taken. Very low levels of lead were determined in the remainder of samples taken (luring the

survey. The high aluminum concentrations and fipl values, were causedl by the use of anl ex-

Ceedlingly high concentration of NaOH in the NaOff soluition fed to the neutralization tank.

The concentration of NaOH has bteen adjusted. and a pil of 8.0 is maintained to minimize or

p~r~eent tile discharge of excessive amounts of aluminum front the system. The reason why the
aluminuim values are of little significance has bteen dliscuissedl in Siystem Start up. Paragraph 9.

With regardl to excessive flow front the plating shop. it should1( be noted that rinsewater

flow control devices were installedl it) manyv of [fte rinse tanks before the wastewater-treatment

system was installed. The maintenance of these (devices. which are dlesignedl to reduce flows to

%ell within M F'WPP dlesign speci f icat ions. is the respionsibi lity of the ptlating shop p~ersonnel.

Proper operation and~ maintenance of these rinsewater control dev ices can nmarked ly reduce the

volume of wiastewater generated to well lwlow the level oni which the design oif the treatment
system wats based.

Trhe~ deficiencs noted in the suirvey report related to such rectifiable items as p)ipe

leaks. a pump and air-operated %alve mnalfuniction. anl inoperative hy-drogen cyanide gas

* ~alIarni. mid iissinitg sel f-cotnt a ined eniergeney resp irato rs. These deiccien cie's arte infg c or-

rected.
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As part of the survey, limited testing of sludge was carried out. A sample of dewatered
sludge discharged froin the filter press contained 23 percent dry solids. Another dewatered
sludge sample was subjected to the standard EPA leaching test to determine the toxicity of the
sludge. The leachate analysis showed a cadmiuni content of 32 mg/I Cd. This value far ex-
eeds the perinissihle (RCRA) limit of 1 mg/i Cd for non-hazardous sludge and indicates that

the sludge must he disposed of as a hazardous material in a controlled landfill.

The O&M of the system has inproved considerably since the AEHA survey which was
conducted shortly after the system was installed. The system operators are alternating sewage
plant operators who were trained by the contractor during the systeni start up. With added ex-
perience. the operators are now operating and maintaining the system with ease. The O&M
manual is a standard commercial manual which contains the following sections: General
Description: Process: Equipment: Chemicals: Operations: Trouble Shooting; and Manufac-
turers' Manuals. The Manufacturers' Manuals section contains detailed installation.

maintenance, and repair instructions for the systein punips. nixers. flow gauges. pressure
regulators. plt and {)RP meters, and controllers. and filter press. Although considerable infor-
niation on the coinponentry of the system is presented. the ()& nianual needs to be improved

in the areas of safety, emergency operating procedures, and preventive maintenance.

11. Belvoir Monitoring Program. A review of the results of the analyses of the 0
provessed wastewater and the sludge samples taken during July through l)ecenlber 1983 in-
dicated that the system perforned very well and produced an effluent with pollutant levels
well below the maximums specified in the EPA Pretreatment Standards for Existing Sources.

The cvanide destruction unit. using alkaline chlorination, effectively destroyed the cyaniide.
The chrondiun reduction unit. using sodiunn metabisulfite and sulfuric acid. effectively S
reduced the hexavalent chromiuni to trivalent chronium. In a few cases when the hexavalent

chromium concentrations in the feed water were below 1.0 mg/I and reduction was not con -
plete. subsequent treatment with sodium sulfide and ferrous sulfide accomplished essentiallv
comlplete reduction. The chromium as then removed as chromium hydroxide to undetectable
levels as indicated in the analysis of water samples from the clearwell. S

The low suspended solids found in the clearwell samples lexcept for oie" sample) in-
dicated that the flocculant aid (Kronofloc) and ferrous sulfate were effectively agglomerating
the colloidal metal sulfides so that tihey could be renioved well ini the laminar plate settler and

the polishing dual-inedia filter.
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The only metal not removed from the wastewater to the design specification level of 1.0
mg/I was aluminum. Specifications for the system design called for an effluent with
characteristics conforming to federal standards proposed in 1979 specifying a maximum con-
centration of aluminum of 1.0 mg/l. Because aluminum in the treated water discharged to the
sanitary sewer will have no adverse effect (in the sewage plant operation, the recently
published federal regulations (July 1983) no longer contain a standard for aluminum. Nine
samples of acid/alkali wastewater were found to contain aluminum in concentrations ranging
from 5 mg/I to 50 mg/l, with an average of 14 mg/l. The concentrations of aluminum found in
the system effluent ranged from 1 mg/I to 18 mg/l with an average of 4 mg/I for the 12 samples
analyzed. Although these aluminum concentrations in the effluent exceeded the design
specified value of 1.0 mg/li, the effluent characteristics were in compliance with current federal
regulations. The high aluminum concentrations in the system effluent regulations. The high
aluminum concentrations in the system effluent samples were probably due to the pH of the ef-
fluent which was between 7 and 9. Aluminum hydroxide is an amphoteric compound with
minimum solubility between 5.5 and 6. Current Federal regulations specify a pH between 6
and 9.

It should be noted that no odor problem was encountered. Maintaining the pH at 8, con-
trolling the sodium sulfide addition with a reliable sulfide probe and controller. and adding
ferrous sulfate prevented the generation of any hydrogen sulfide odor.

Sixteen samples of the system effluent, analyzed for oil and grease (Table 10) indicated
an average value of 12.8 mg/I for these contaminants. The federal standard is 26.0 mg/l.

A summary of operating data for the months of February 1983 through December 1983
is given in Tables 12 through 15. The total volume of wastewater treated during this period
was 4,341,245 gal. This volume consisted of 322,762 gal of cyanide bearing water. 380.468
gal of chromium bearing water, and 3,638,015 gal of acid/alkali water. During this monitor-
ing period, the system was operated for 2,248 h and produced thirty-five 55-gal drums of
dewatered sludge which averaged 22.4 percent in dry solids content. It should be noted that the
volume of sludge generated is small, amounting to 44 gal/100,00 gal of wastewater treated.
This has important implications regarding the cost of sludge disposal which is based on the
volume of sludge handled. Sludge disposal cost is an important element in the overall treat-
ment process evaluation. The low volume of dewatered sludge can be attributed to a relativelh
low concentration of metals in the svstem feedwater. prolbbly resulting from excessive use of
rinsewater. an(i the effective dewatering of sludge by the filter press.

The amounts of chemicals used during the I I-month monitoring period are gi,en in
Table 14. Calculations based on the total flow of wastewater treated and chemicals used in
treatment indicate that chemical dosages of ferrous sulfate, sodium sulfide, and polymer ere 0
41.3 mg/I, 10.0 mg/I. and 1.0 mng/l. respectively. The dosage of sulfide ion was. accordingly,
4.1 mg/l.
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' e c it- for chemic'als u sned in the I reatI ment )rocess and s nludge dis-po- al are gi In i n
Tabh IS andi \pleni I r i. (1.).I /I 000 gal of wa-tewaIer treated each inotith are .sh wn ill
Fiire 10. The a-crae chemical c.,,'ol for fhe I l-month period was $0.89/ 1000 gal of
%i-steater treateid. (Cost for tle disposal oif lhe tlhirlt-fike 55-gal lrirns of sluidge generated
during the I I-motlh pcriod totaled $2100.0() witl il a erae viost/1000) gal of wa.tewater of
SO.t1. Tese di-posal .,st caleulations are hased oi0 the ciost of $60.(0/5S-gal lruin currently
bliing paid 1% l'()AI). The combined eosts for chemical and sludlge dilpoal/1000 gal oif

wa-te% ater t reatel during lhe Il-month period ranged from $1.07 tlo $1.82. with al a e'rage of
$ 1.38. 0

File samples of dieatered slud lges %cre subjectedl to leaching tests. Three of the samples
%er. extra'td b otlli the EP and Battelle extraction procedures. Tihe other t, io asample
vre s-ubjected to the IBlattelle lro .eidure oil%. Both predure,, are es.setiall, the ame. except
fr loll if' ti extracting niedium. The EPA proeedire emloys ditihled water with li ad- 0
jliitvd to 5.0. The Battellc procelure u,,- distilled mater uithiout pII ailjnustmint. Analysis of
lil h a t i'l, fronr all fill, -ampic-h indicited that all metal eqoncentratimin s were I i dli'hletec-

table limnil-. |ercrrr uar not dleterrinqed btecau -e iof impriper siirriple preservatii n. Table 16

-hw li t-e result. if tlie- ul ge extraition itet. It should he noted that duriig tit- AE lI.A

St lre. i singe .ar mple of lr dge suljectei I to tl I %A extraition proieldure ielded a leachate

containing 32 ng/I aidniiunm. 11I other metals ere %ithi R( ;RA limits. ()n lit tasi- of the

re tilt- of this single AEII-A tes. the lilge iiut lie cii ridered a hliazarlhiti- material as defined
hIi the R( AR *X re-iilation. 11 omver. in iew of the re lt blitained ill the tests of five shldgc

aniilh -ilriring lit Belvoir rinitiiriig program. where all ietals vre below detectale lee].
ill lit- i ai hate. the iqlstimn of whether the lidge is oir is iiot hazardlurs warraints fllrther in-

12. Sumnation. Tli lcessfil operatin of the netal-filiishing watewater treatment
system at the Tii iianna rny )eiot lia provided i ftill-scale demonstratiin if the effec-

tiveess of a ntail slfide pre(i itiiinoin , iresh nl i iiil iodni sulfide. The oim intiiliation of unit

priocessilg involving eiani ide ietrtiion. ehroniiuni reduction. loll adjustrient. addition of
.odimil .sulfiid. ferrous slfate. and all anoiiiol iier. followed bN solids separation lia ctll-

.istnith lproiiue lit treated effluen i1eet inlg Federal Mletal- i iishi rig Categorical Efflient
Limitation-. Soliis processiig which iriltdeld sedimlentation ill i laminar plate settler. lidge
com iia tion in a gralitv -rige thickener, aid sludlge dewaleririg in a filter pires irolued a
,, altered ludge w. ithI all average of 22. t pirent dry solids content. 0
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0 4

The Tobyhanna Army Depot is the first Army installation engaged in metal-finishing

using this sodium sulfide treatment process. In a recent survey 2 of 23 Army installations per-
forming metal-finishing conducted by the U.S. Army Mobility Equipment Research and
Development Command (now Belvoir R&D Center), it was determined that many of these in-
stallations use hydroxide precipitation. It is possible that some of these installations may be ex-
periencing difficulties in meeting the recently promulgated federal or state pretreatment
standards. If so, these installations could possibly upgrade their treatment systems with
minimal cost by converting their hydroxide process to a sulfide process similar to the one used
at the Tobyhanna Army Depot. This could be accomplished with minor changes in their ex- S
isting equipment to provide for the addition of sodium sulfide, ferrous sulfate, and an anionic
polymer, if such a polymer is not already being used. A survey of Army installations engaged
in metal-finishing operations appears advisable to determine how the technology demonstrated
at the Tobyhanna Army Depot could be used to upgrade treatment systems needing improve-
ment. 4

V. CONCLUSIONS

13. Conclusions. Based on the results obtained in this investigation the following conclu-
sions are drawn: 4

a. The metal-finishing wastewater treatment system installed at the Tobyhanna Army
Depot using cyanide destruction by alkaline chlorination, chromium reduction with sodium
metabisulfite, and metal sulfide precipitation by sodium sulfide addition is an effectis pro-
cess for the treatment of metal-finishing wastewaters.

b. The sulfide treatment system can produce an effluent complying with federal stan-
dards defined in "Final rules, Electroplating and Metal-Finishing Point Source Categories; Ef-
fluent Limitations Guidelines, Pretreatment Standards and New Source Performance Stan-
dards," Federal Register (FR) 32462, 15 July 1983." 4

c. The metal sulfide sludge produced by the sulfide treatment svstem can be dewatered
to 32 percent dry solids content. The average value determined was 24.4 percent.

d. The dewatered sludge produced at TOAD is minimal, amounting to 44 gal/lO0,00
gal of wastewater treated. 0

e. The sludge generated by the sulfide treatment process must he disposed of as hazar-
dous material as defined in the Resources Conservation and Recovery Act (RCRA) regulations.

f. Costs for chemicals and sludge disposal add up to a combined cost of $1.38/1000 gal
of TOAD metal-finishing wastewater treated. Chemical costs averaged $0.89/1000 gal. and
sludge disposal costs averaged $0.49/1000 gal.

P. 4il .I,-I.r.I.. I'Plting .,.. Si I V1 %1 %125230 8N, 0l(3i.
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APPENDIX C

PROCESS EQUIPMENT0

Component Description Number

a. Pumps

(1) Sump Area

Cyanide rinse Serfilco H-2x1 1/2 CE,
CE 3V (MlxM1) D3

Chromate rinse Serfilco, H-2x1 1/2 CE,1
CE 3V (MlxM1) D3

General rinse Serfilco H-2x1 1/2 CE,1
CE 3V (M1xM1) D3

Surge tank Serfilco HBI 1/21
CE-5-CRL-48-90-H1 1/2

(2) Chemical

Sodiumi hydroxide I Marsch TES-MD1

Sodium hydroxide 11 Liquiflo 32FS6333J
with Reliance Y4-hp
Minpak DC motor

Sulfuric acid I Marseb-TE 5-MD1

Sulfuric acid 11 Marsch-TE 5-MD1

Sodium metahisulfite Marsch-TE 5-MD10

Sodiumi hypochlorite Marsch-TE 5-MDI

Sodium sulfide Marsch-TE 5-MD

Sodim sufateMarsh-TE5-0

Sodioum sulfate Marsch-TE 5-MD

Polvelectrolyte 11 Liquiflo 32FS6333J1
with Zeromax dIrive
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APPEN I)X C (voritd)
PRIOC:ESS EQUIPMENT

Component Description Number

* 13) Sludge

Clarifier to) thickener Wilderi M4 WO) I
N EN ENE-air opleratedl

Thickener to filter pre~ wilden M-4 NV(

LW NENENE-air operated

(4) Filter l~ackwash Pavific- 15 lip I

li. Flow Tiiiers Signet Model 309 4

c. Level C ontro4ls

0) Covnte chernical B+%' Type 1, Co(ntrol 2
+2 probes

02 Cheiial-low level B+W Type 21, 7
reagent

(3) (1)(. iva k-low, low level B+%' Type 2R1 7
reavent

d. MIixers

* II~) ( Jenri al reagents ( poli Lightnin
electrol te, ferrous N(. -4. Vs lip. :3.6-in.

sulfate. souliIti .4ulfidle. prop. I-ft shaft
slulinl inetahi.ul file)

(2) Reaction tanks I ightnin IA.
C~ ,anie oidationr I & 11 'A hp. 9.1-itt. plrop.

* ( lironihun rediiitioii. 44ft -1alt
Necut raiizat ion
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APPENDIX C (cont'd)
PROCESS EQUIPMENT

e. pH and ORP Measurement System jLeeds & Northrup): •

(1) Cyanide oxidation:

pH meter-Model 7773-10-2-22-2-000 (glass pH electrode) 2

ORP meter-Model 7773-10-2-24-1-000 (gold ORP electrode) 2

(2) Chromium reduction:

pH meter-Model 7773-10-2-22-2-000 (glass pH electrode) 1

(3) Neutralization:

pH meter-Model 7773-10-2-00-2-000 with 11790 pit electrode.
special reference electrode for sulfide addition.

Sulfide probe-Model 117408

4 7
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APPENDIX D
CHEMICAL COSTS

Chemical Form Received Unit Unit Cost (S)

Sodium Metabisulfite Solid lb 0.28

Sodium Hydroxide 50 percent solution gal 1.27

Sodium Hypochlorite Solution - 12.5 percent Cl 2  gal 1.39

Sulfuric Acid 66' Be-liquid gal 0.90

Ferrous Sulfate Solid lb 0.17 p

Sodium Sulfide Solid, 61 percent flake lb 0.29

Polymer (Kronofloc) Liquid qt 9.00

Hydrogen Peroxide 35 percent solution gal 2.35
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