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INTRODUCTION
The presence of trace elements in acid mine drainage (AMIDY) has received little
attention in the past; however, recent ce has prompted the research community

te address the situstion. AMD offers a favorable medium for existence of trace
elements becouse many are acid-soluble ond are leached from stratn associated with
the mining process. Some trace elements are on the U5, Environmental Protection
Agency list of Prority Pollutants

The purpose of this study was to determine the effectivenesss of lime neotralizstion,
reverse osmoss, and jon exchange treatment processes in removing several of the trace
clements. The study was conducted at the EPA Crown Field Site, which js located
near Morgantown, West Virginin, At Crown, appropriste concentrations of tfrace
elements could be injected into a moderately acid AMD stream (o simulate the field
situation,

The selection of the paramefen to be studied snd their respective concentrations was
made on the basis of levels found in mine discharges. Table | illustrates the matrix of
datn used in the selection. These choices are summarized in Table 1. Eight of the
10 are listed by EPA as toxic substances. For this study the 10 compounds were
combined in one concentrated bulk solution and were continuously injected into the
AMD feed streams to the neutralization, reverse osmosis, and jon exchange processes
to form the desired conceéntrations. Some precipitation problems were encountered
during lab-scale conceémtrate preparation, mecessitating substituting different compound
forms of two elements and eliminating lead from the original study list. Tahble 11
containg the final choice of compounds,

TREATMENT STUDIES

Background Information

Lime neutralization, reverse osmosis, and jon exchange were studied to determine
their effectiveness in removing the 10 trace elements of interest. EPA awarded a con-
tract to Hydroscience, Inc., a subsidinry of Dow Chemical,to provide analytical services
for the trace element analyses and to provide technical assistance, Most of the work
summuarized in this paper was excerpted from an opcoming final report by Wilmoth,
Scott, Hall, and Stuewe, which will be published early in 1979, EPA Methods were
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Table 1L Selected Pollutants and Desired Concentration for Trestability Study

Pollutam Concentration (mmg/1) Compound Used
Atsenic 0 Amznic pentoxide
Boron 1.0 Boric acid
Cadmium 1.0 Codmium sulfnte
Chromium 04 Chromium chioride
Copper 0 Chromium chioride
Mercury 0s Marcuric chioride
Wickel 0.3 Mickelous mllnte
Phosphiom 1.0 Sodlum phosphate
Setenium 0.8 Selenious acid
Zine 50 Zine chioride

Tabke ML Crown AMD Water Quality Data, 9/19/77 Through 10/12/77

Standard

Fommicter Linit Mean Maximium Mimimurm Deviation
pH pH 52 56 47 0,21
Specific Conductanoe pmhosfcm 2610 1350 1300 153
Acidity as CaCDy mgdl A4ty A0 300 2
Calcium meli 350 390 310 8
Magnesium mgll ({ily] 110 a0 53
Total Tron mg/ 160 200 130 14
Ferrous Iron mgf 150 200 130 15
Sodium mgfl 50 a10 ana 0
Alurminum mgl 6.6 14 15 5
Manguriese mgfl 50 6.1 37 (.46
Sulfate mgil 2380 26610 1180 1
Alkalinity mgl % 58 o 13
Total Dissolved Solids mgfl 33150 3640 3o 124

used for all the metal determinations, The EPA Methods manual requires samplés pre-
servation with nitrie acid; however, it wag later disoovered thal nitrates interfere with
the determination of boron and much of the boron dats was lost in this manner,
Typical characteristics for the Crown AMD are presented in Table [I1.

The desired level of the spiked trace elements in the AMD is compared in Table IV
with those actually schieved. The desired levels conformed very well to the schieved
level for all parmmeters except phosphorus. Extremely high variations in phosphorus
content were obsarved in the riw AMD and remain largely unexpliined. The phos-
phorus varistion was prominent only during the neutralization phase of the study when
influent valoes above 40 mgfl were observed

Lime Meutralization

Lime neutralization represents the Best Practical Technology (BPT) for acid mine
drainage treatment. A schematic of the Hme neutralization process utilized at the
Crown facility is shown in Figure 1. The neutralization syitem consists of two identical
treatment processes that operated st 0.9 liter/sec AMD flow each. Twin chemical
metering pumps injected 100 ml/min each of bulk trice element solition into the
separate treatment lines to achleve the desired final concentrations shown in Table 1L
The lime neutralizstion process investigated trace element removal effectiveness &8s &
function of pH, Two pH levels were studicd at one time, Approximately seven days
were required to characterize o particular pH lewel (Le., two days to schieve equilibrium
and five days data collection), The study spanned pH levels in single pH Increments
between pH 7 and pH 12,

A cosgulant (Dowell M-144 anjonic type) was injected into each flow stream just
prior te the clirifier at approximately a 5 mg/l rate to achieve optimal clarifier perform-
ance. Samples included raw AMD, spiked AMD A, spiked AMD B, product A, and




Table IV. Trace Element Levels in Spiked Acid Mine Drainage (mg/l)

Actunl Level Achieved (Means)

Dieslred Lime Reverse lon
Element Lewvel Neutralization Onenodis Exchanpge
Arsnlc 20 1.96 -39 147
Boton 1.0 236 201 .38
Cadmium 1.0 0.50 0.83 0,94
Chramium 0.4 .54 0.54 062
Copper 5.0 5.30 614 [ )
Mercury 0.5 .50 0.29 [
Nickel 0.5 0.66 0,74 .86
Phosphorus 1.0 %.43 1.50 1.47
Seleniom 0.8 054 157 I.34
Zine 5.0 565 6.25 7.44
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Figure I, Schemanc flow dingram for the EPA neutralizstion facility.

product B, dudge A, and sludge B. These samples were collocted automatically by

composite semplers, Samples were sent for analysis twice per doy for » duily total of
14 separste samples from both processes, and 168 samples from the entire neutralizs-
tion study.

The operationsl dats are summarized fn Table V as a function of pH and Indicate

normal trends except for slightly high lime usage at pH 9. These sorts of anomalies
wre mot unusual for newtralization processes applied to AMD treatment.

Analyses for the trace elements are summarized an a function of pH in Table VI
Significant removals were observed for all elements except boron and phosphoros.
The imability to remove phosphoros below the levels observed was wery unexpected.
Phosphorus removal by lime addition 8 state-of-thear! technology in lertiary sewage
treatment systems.
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Table ¥, Meotrafimtion Data Summaries for Trece Element Study

Tiem Mean Value

Eifluent, pH 70 B.D 9.1 101 11.0 121
Moutralizer Usage, kglow m 0.28 .43 082 085 0.91 163
Meutrafizer Usnge, it/ 1000 gol 3 35 6.5 14 716 n
Meutralizer Usage, gicy m/ppm

Influent Acidity 0.6 EZ 21 1.8 2.0 54
Cost, cents/ 1000 @i’ 4.1 f.} 2 7] 13 39
Coat, cents/ce_m 1.1 LT al 33 is 10
Cost, centsf1 0P cu myppm

Influent Acidity 24 4.2 1.0 7.0 1 21
Utilimtion Efficiency, & 132 7 19 45 44 51
Stwichiometrs Foclor

Influent Acidity 0.5 I3 28 s 7 7.3
Sludge 1o Waste, % of Influent

AMD 10 BT 10 L) 10 14
Diry Solids to Waste, It/ 000 ga) 9.9 4.4 18 8.7 13 17
Dy Solids 1o Waste, Kpleu m 1.2 0.5 21 1.0 L& 1.0
Underflow Soblds, & 1.2 0.6 1 1.l 1.5 1.5
Effluent Turhidite, JTU 4 11 10 1 7 3
Reactor Swpended Solids, mgi 380 530 1o 1310 1440 2500
EfMuent Suspended Solids, mg!l 5 12 24 i2 15 15
"Lime cont $38.58/1omne (535.00/10n).

Table V1. Summary of Lime Neutralization Efflugnt Trace Element Analyses {(mg/ly
Norinal pH of Efftuent

Eltmem Influeent 7 i ] 1o 11 12
Arsenic 1.95 win 0,05 (iR .02 003 002
Boron .36 125 - - 1.68 1.90G 145
Cadmium 0,90 018 fl.0Ha 0.0 0.01 0.0 0,003
Chiomium 54 .04 0,07 0.07 0.0 @,05 1,04
Coppe: 530 0,30 016 041 0.0% 0.06 0,08
Mercmry 056 .02 0,01 0.0 {181} 0,02 0,m
Nickel .66 0,34 .18 0.06 0.0 0,046 0,06
Phosphorus 9.8 181 .67 P L8 356 1.09
Selenium 0,94 0.0% 0.4 0,16 028 0.3% 015
Zine 565 1.01 0.23 .11 0.8 0.13 0,06
Reverse Oumonis

A Universal il Products spiral-wound type reverse osmosis unit (Figure 2) with a
capacity of 15 cu miday (4000 gpd) of product Mow was studied In o one-day test.
The unit operated at 35.15 kg/sq cm (500 psil to schicve optimal rejection character-
istics, at 8 moderate recovery rate (40%) to prevent fouling interferences with relection
ability, at a minimum 10:1 brinetproduct flow miio to grevent boundary layer prob-
lems, and with sulfuric acid injection to control iron precipitation.

Operationnl parameters for the study are presonted in Table VI  Although the sys-
tem was bn-stream for several days, all of the water samples were collected om a grab-
sample basis throughout one dav's operntion. Four grab-samples were taken per data
set (Le,, aw AMD, spiked AMD, product, and brine). Ten sets of samples (40
samples total) were collected.

A summary of chemical data {8 pressnted in Table VIII, Since reverse osmosis
product quality is not directly related to jon solubility, rejection rate or precent re-
moval calculations are approprate, As seen in Takle VI, the rejections were below
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Figure 2. Flow disgram for 4K spirab-wound Figure 3. Schematic flow disgram of EPA 2
reverse osmosis unit resin lon exchange unit.

Table VIl. Mesn Operating Poameters for Crown Spiral-Wound Heverse Oumosis Stody

FParameter Value
AMD Feed Flow, liter/sec .65
Product Flow, litetfecc 0.25
Brine Flow, literfsec 0.40
Water Recowery, % Ik
Fotd Pressure, kpfem® 3550
Feed Temperture, "C £5.5
Tube One Flux. Hm.imjil'dl.y @ 35,05 kgfem® and 25°C 616
Tabe Two Flux, liters/m fday @ 45.15 kefem” and 25°C 6K
Tube Three Flux, liters/m® jday & 33.15 kg/em® snd 25°C 337

Tabte VHI. Summary of Reverse Osmosis Trace Element Analyses

Conceritration (mg/l)

Rejection

Element Spiked Feed Product Trine w"
Arsenic 2,29 0,0 3.8 996
Boron 20 0.85 3,08 56,2
Cadmium 0.83 .03 1.22 99,4
Chromium .54 .01 0.82 981
Copper 618 0,01 9.12 094
Mercury 0.28 0.0 ol7 Ta.6
Wickel 0,74 0,01 L1 986
Phosphorus LS50 0.32 1.93 78.7
Selenium 117 011 1.43 0.6
Zine 6.25 0.06 963 99,1

'Rﬁucr.lun equals feed comcentration-product concentration/fecd concentration = 100,

BO% for boron, mercury and phosphorus and were above 90% for the remainder of the
elements, Materinl balances of the system were satisfactory (within 15% indicated gain
or loss) for all elements except mercury where S6% of the Indicated influent failed to
exit the system. It was postulsted by Stuewe and Hall that the mercury was precipi-
tated upon contact with the sulfuric scid pretreatment injection and was collécted on
the filters in front of the reverse osmosis unit aondfor on the membranes. Tests (o
[nvestigate this confirmed the presence of mercury on the filters. No analyses were
made of the membrane.
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lon Exchange

A twoeresin fon exchange unit (Figure 3) was studied for effectiveness of trace
glement removal in & one-day test. The ion exchange system, which operates at 40-
iter/min (10.5 gpm) product flow rate was being regenerated at high dosage rates to
gehieve minimum jeakage cotion mites. The intended regeneration dosage for the
cation column was |44 grams of sulluric acid per liter of resin; for the anion column,
the intended dosage was 64 grams of sodium hydroxide per liter of resin. Six grab
samples (raw AMD, spiked AMD, cation effluent, anion effluent, cution regenerant,
and anion regenerant) were taken per datn set. Eight sets of samples were taken dur-
ing the one-day study period for a total of 48 scparate samples from the test. Detailed
design specifications for the two-resin unit are given in T_lblu IX. The two-resin system
operates with & strong-acid cation tesin that exchanges H' ions for the cations
{srzenic, cadmium, chromium, and ete) in the AMD, The effluent from the cation
eolumn becomes mostly sulfuric acid since the predominant anion in the AMD is
sulfate. This solution of Hy80, then enters the weak-base resin column where the
neid is ndsorhed by the weak-base resin.

The actual operating parameters for the unit during the test study sre pressated in
Table X. Cost of regenerant chemicals mlone for this study were 39,70 per 1000
eallons, Mustrating that the unit was operated in the mode optimum for effluent quality
and not optimum for cost/effectiveness. Regencrant utilization efficiencies for the
sulfuric acid und sodium hydroxide were 22 and 42% respectively,

The ion exchange product guality data have been summarized along with those from
the neutralization and reverse ssmosis processes in Table X1 for ease of process com-
parison, Interestingly, phosphorus was not removed by the ion exchange process,

In summary, a5 seen in Table X1, the neutralization process appesred to be the
logical process choice, because of cost, for trace material removal for all the elements
studied except boron and phosphorus. None of the three processes were effective on
boron and phosphorus.  Although fon exchange and reverse osmosis were slightly more
effective overall than lime neutralization, the cost of the processss and nzed for sub-
sequent waste treatment offset their slight advantage in removal effectiveness.
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Table IX. General Deslgn Specificatfons for EPA lon Exchange Trestment Unit (Two-Resin System)

Cation Exchanger Anion Exvchanper
Type Strong acid Weak hase
Resin Duolite 20 Dowex, WGR
Yolume of resim, cu m 0.93 .54
Approximate tank sies, cm 01 = 213 76 x 313
Approximate tank mres, g m .65 45
Service fow mte, liter/min 40 40
Service Mow rute, liter/minfecu m 43 I
Service [ow direction Downilow Bownflow
Backwath flow rate, lites/min 115 100
Backwmsh Mow rate; liter/min/sg m 180 190
Baclowush flow direction Upflow Upflerw
Bed expansion during backwash, % 50 75
Regenerant flow rate, Hiter/min 100 40
Regenemnt flow mide, fiter/minfeg m 150 0
Regenerant flow mte, lterfminfcu m o T4
Regenerant Mow dirsction Downflow Downllow
First inse flow mie, licy/min 100 40
First fnse flow mte, liter/min/co m o B0
First dinse flow direction Dowmilow Dorvm o
Second rinse flow mte, fiter/min 115 106
Second rinse flow mte, Titer/min/ou m 120 190
Second flow direction Dowmilow Davwniflow
Regenemant Sutfuric acid Sodium hydroxide

Regenennt concentrution, 5 by weight

1§

Table X. lon Exchangs Operating Parnmneters

Cathon Anion
Regenatunt Ha50 NaOH
Bulk regenerant cost, centsfkg 772 11.0"
Bulk solution concentration, weight % 93 in
Deskred regenemnt concentration, weight % 0 4.0
Disired dosage, prama of regenemnt/lter of nesin 144 64
Desired dosage, b of regencrant/cu ft of rosin g 4
Influent load, milligrams/liter us CaCO, 2450 2650
Effluent lond (leakage), milligrma/liver as CaCO5 200 0
Effective removal, milligrama/Titer as CaCOy 3350 2650
Number of regeneration cvcles during this test 5 |
Avempe nctual dosage, grams of regeneranifliter of mesin 140 61
Avempe actunl regenemnt concentration, % by weight 0 ik
Exchanger capacity, grams/liter of resin as CallOy 30,8 6.1
Exchanger capacity, kilogramijen fi of resin as CaCOy 134 15.8
Regenerant wiilization effidency, % 21 42
Repenemnt cost, cenbafou m 93 110
Regenerant coxt, cents/1000 gal 350 420
Total volume to waste, liter/regeneration 10620 3200

“Price of 50% concentration snd diluting cresite 1o 20%.
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Table XL Semmary of Optimum Removal of Trace Element Pollutunis

Typical Optimum Efffuent Concentrution {mg/T)
Inflent
Coiocnsiration Lime Neutralization e ki

Pollutant (/1) pH 79 Rango pH 10-12 Rangs Osmaosis Exchange
Arsenic L 004 @ pH 9 0,02 & pH 13 .01 052
Boson 12 115 ®pH 7 1.45 @ pH 12 .88 6
Cadmium 0.9 0,02 @&pH 9 0.003 & pH 12 0,003 0,001
Chromium .06 0.04 @ pH T 0,04 @ pH 12 X 0ol
Coppe: 6.1 Ll EpH Y 0.05 & pH 10 .01 0,03
Mercury 0.5 0,009 @ pH 9 0,009 @ pH 10 i1 0.001
Nickel T 0.06 & pH 9 0.06 & pt 10 .01 0.02
Phosphars 1.5 w10 LI@EpH Y 100 & pH 12 .32 no removal
Selemivm L2 0.05 & pH 7 0.15 & pH 12 0.11 0.09

Zinc 6.3 .11 & pH 9 0,06 & pH 12 {06 003




