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A
A-weighting, 17
Accidents, 6–8
Acetic acid, 33–34
Acids

acetic acid, 33–34
hydrochloric acid, 31, 34
sulfuric acid, 34–36

Activated carbon, 46–48
Administrative controls, noise, 17
Aliquots, 159
Alkaline chlorination treatment of cyanide, 

90–92
Alkaline cleaning (sodium hydroxide 

baths), 122
Alum dust, 45
Aluminized gloves, 16
Analytical laboratory support, 192–195
Anionic polymers, 80, 102
Annual maintenance tasks, 176
Anodizing, 3–4
Aqueous cleaners (concentrated soap 

solutions), 122
Automatic sampling devices, 162

B
Baking soda, 33
Barium sulfate fouling, 99
Bases

hydrated lime and quicklime, 36–37
hypochlorite compounds, 38
sodium hydroxide, 37–38

Basis metal, 4
Batch treatment process, 54, 133

factors, 57, 60
for common metal removal by hydroxide 

precipitation and sedimentation, 56, 
58, 59

Buchner funnel, 105, 106
Buffer capacity, 65

C
Calcium sulfate precipitation, 99
Carbon dioxide, 42
Cathodes, 3
Cationic polymers, 102
Cations, 78

Cavitation, 165, 166
Centrifugal pumps

operating guidelines, 168
process troubleshooting, 189
starting procedures, 169–170
stopping procedures, 170–171

Chain-of-custody procedure, 164, 194
Chelating agents, 72, 77
Chemical feeder setting, formulas,  

66–67
Chemical handling, 26

acids, 31, 33–36
bases, 36–38
chemical hazards, 30
chemical storage drains, 48
common treatment process  

chemicals, 27
eye wash station and safety shower,  

34, 35
gases and vapors, 38–44
hazard communication program, 

elements of, 30, 32
labeling of hazardous contents, 30, 31
powders, 46–48
safety data sheet, 27–29
salts, 45–46
training program, 30, 31

Chemical milling, 4
Chemical plating. See Electroless plating
Chemical pump feed rate, 68–70
Chemical reagents, 193

shelf life of, 194
Chemical reduction and sulfide 

precipitation, 78
Chemical storage drains, 48
Chlorination of cyanide, 87
Chlorinator setting calculation, 67–68
Chlorine, 40–42
Chromic acid anodic coatings, 4
Cloth gloves, 16
Coating process, 4
Colloids, 72
Common metals, 54

concentrations vs. pH, 71
hydroxide precipitation, 71–72, 75
removal, 71–76
sulfide precipitation, 72, 75

Complexed metal wastes, 54
removal

chemical reduction, 78
coprecipitation, 79–81
dithiocarbamates, 78–79

high pH precipitation, 78
insoluble starch xanthate, 83
sodium borohydride, 81–83
sulfide precipitation, 78
trisodium salt, 81

treatment process, pH ranges for, 77
Complexed metals, 192, 194
Complexing agents, 77
Composite samples, 135, 159
Continuous backwash sand filter, 72, 74
Continuous flow oxidation of cyanide,  

90, 91
Continuous flow treatment process

cost reduction strategies, 61–62
countercurrent rinsing process, 61
for rinse water, 60

Continuous process, 133
Copper cyanide complex, 87
Coprecipitation, 79–81. See also 

Precipitation
Cost reduction strategies for waste 

treatment, 61–62
Countercurrent rinsing process, 61
Cyanide compounds, 86
Cyanide destruction

chemistry, 87–90
in batch process, 90–91
in continuous flow process, 91
operation, of treatment facility,  

148–153
safety, 87

Cyanide toxicity, 87
Cyanogen chloride, 87–88

D
Daily tasks

maintenance, 175
operators, 135

Decibel (dB), 17
Diaphragm pumps, 190. See also Positive 

displacement pumps
Differential-producing flow measuring 

device, 186, 187
Direct chemical feed system, 190
Direct reading colorimeter, 194
Dithiocarbamates (DTC), 78–79
DPD method, 91
Driving equipment, for pump operation, 

167
Dry alum, 45, 46

Index
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Dry polymers
shelf life of, 102
Venturi-type aspirators, 103
wetting procedure, 103, 104

E
Earplug insertion-type hearing protection, 

18–19
Electrical controls, pumps, 167
Electrocoagulation, 120
Electrode poisoning, 158
Electroless copper process, 77
Electroless plating, 3
Electrolyte solution, 177
Electrolytes, 64
Electroplating, 3
Electrowinning, 54
Emergency preparedness and response, 22
Emulsion-breaking process, 121
EPA-approved preservation methods, 

163–164
Equivalence point, 65
Etching, 4
Exhaust ventilation, 176, 177

F
Ferric chloride, 46
Ferric sulfate, 46
Ferrous sulfate, 46
Filtration rate (FR), 106
First aid

for acetic acid exposure, 33
for carbon dioxide exposure, 42
for eye exposure to liquid chlorine, 42
for ferric chloride exposure, 46
for ferric sulfate exposure, 46
for ferrous sulfate exposure, 46
for hydrochloric acid exposure, 34
for hypochlorite compound  

exposure, 38
for lime burns, 37
for liquid/dry alum exposure, 46
for sodium hydroxide exposure, 37
for sulfur dioxide exposure, 43
for sulfuric acid exposure, 36

Floc formation, 81
Flocculation, 102, 133, 188
Flow measurements, 155–157
Flow metering device

constant differential, 184
differential producers, 186, 187
displacement units, 186–187
head area, 184
Palmer-Bowlus flume, 184, 186
Parshall flume, 184, 185
pitot tubes, 185, 186
rectangular weir, 184, 185
selection and placement, 183, 187

types of, 184
velocity meters, 184–185

Flow reduction and equalization, 
calculations, 62–63

Flue gas, 64

G
Gases and vapors, handling of, 38

carbon dioxide, 42
chlorine, 40–42
gasoline vapor, 43–44
hydrogen gas, 44
hydrogen sulfide, 39, 44
oxygen, 43
sulfur dioxide, 42–43

Gasoline vapor, 43–44
Grab samples, 158–159

H
Hazardous Materials Identification System 

(HMIS), 30, 31
Hazards

chemical, 30
lockout/tagout procedure, 24–25
radiological, 23–24
types of, 8–9

Hexavalent chromium reduction
and hydroxide precipitation for rinse 

waters, 85, 86
gaseous sulfur dioxide, 84
operation, of treatment facility, 140–148
two-step batch treatment process, 84–85

High pH precipitation, 78
Hydrated lime, 36–37
Hydrogen gas, 44
Hydrogen sulfide, 39, 44
Hydroxide precipitation process, 76

limitations, 72
optimum pH determination, 71–72
vs. sulfide precipitation, 75

Hypochlorite compounds, 38

I
IDLH (immediately dangerous to life or 

health), 177
Immersion plating, 3
Incident report forms, 10
Indirect chemical feed system, 190–191
Induction-type electric motors, 167
Industrial waste ordinance, 2
Industrial wastewater treatment operators, 

132
Insoluble starch xanthate (ISX), 83
Instrumentation problem, 188–189
Insulated fabric gloves, 16
Inventory items, 176

Invisible gloves, 16
Ion exchange process, 94

advantage, 95
concentrated regeneration streams, 97
ion exchange resin, 95–97
plating waste treatment and chromium 

recovery, 96
troubleshooting guidance

excessive pressure drop, 99–100
failure to produce specified water 

quality, 98–99
throughput capacity loss, 97

Ion exchange resin, 95
excessive pressure drop, 99–100

Iron fouling, 98

J
Jar tests

complexed metal wastestreams, 78
polymer testing, 104–105

L
Labeling on sulfuric acid container, 30, 31
Leather gloves, 16
Liquid alum, 45, 46
Lockout/tagout procedure

electrical maintenance, 25
elements, 26
hazards, 24–25
operating procedure, 25
warning tag, 25

Long-term concentration averages, 54, 56

M
Maintenance, of treatment facility, 174

flow measuring devices, 183–187
inventory items, 176
ORP probes

calibration, 179, 181–182
cleaning, 177–179
troubleshooting guide, 182–183

pH probes
calibration, 179–181
cleaning, 177–179
combination electrode, 177
KCl solution, 177
troubleshooting guide, 182–183

routine maintenance tasks, 175–176
ventilation and exhaust systems, 

176–177
Manual sampling equipment, 162
Mechanical ventilation, 176
Metal coloring, 4
Metal finishing category, pretreatment 

standards for, 54, 56
Metal mesh gloves, 16
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Metal plating process, 61
Monthly tasks

maintenance, 175
operators, 135

Mother circuit boards, 189
Mud fouling, 99
Muff-type hearing protection, 18–19

N
National Fire Protection Association 

(NFPA) 704 Hazard Rating, 30, 31
Neoprene gloves, 15–16
Neutralization, 64–66
Neutralization and pH adjustment, 

136–139
Nickel cyanide complex, 87
Nickel plating, electroless, 3
Noble metals, 157
Noise exposure limits, 18
Noise reduction rating (NRR), 19
Nonhazardous materials, 2
Nonionic polymers, 102
Normal (N  ) solution, 65, 136
NPDES (National Pollutant Discharge 

Elimination System) permit, 2, 64

O
Occupational Safety and Health 

Administration (OSHA), 5, 17, 24
noise exposure limits, 18
safety programs, 7

Oil fouling, 98
Oily waste removal, 121
Olfactory fatigue, 39
On-the-job training (OJT), 20
Operation process monitoring, 133, 134
Operation of treatment facility, 132

cyanide destruction, 148–153
flow measurements, 155–157
hexavalent chromium reduction, 

140–148
neutralization and pH adjustment, 

136–139
operation process monitoring,  

133, 134
oxidation-reduction potential, 157–158
pumps (see Pumps)
routine operator tasks, 134–135
sampling, 161

auto-samplers, 162
composite samples, 159
devices and equipment, 162–163
dippers, 162
EPA-approved preservation methods, 

163–164
good/accurate sampling results,  

158, 160
grab samples, 158–159

laboratory equipment, 163
preserving samples and quality 

control, 163–164
publicly owned treatment works 

facility, 159
pumps, 163
representative, 162
weighted bottle, 162–163
wide-mouthed plastic bottles, 163

sludge treatment, 153–154
survey control panels, 133, 134

Operator safety
noise exposure, 17–19
personal protective equipment

examples of, 14
eye protection, 14
foot protection, 14–15
hand protection, 15, 16
head protection, 16–17

respiratory protection, 13–14
safety equipment, 12

Organic coagulant aids, 47
Organic fouling, 98
ORP. See Oxidation-reduction potential 

(ORP)
OSHA. See Occupational Safety and Health 

Administration (OSHA)
Oxidation of cyanate, 88
Oxidation-reduction potential (ORP), 82

millivolt (mV) reading level, 158
noble-metal electrode, 157–158
probes

calibration, 179, 181–182
cleaning, 177–179
troubleshooting guide, 182–183

readings, troubleshooting, 191–192
Oxygen deficiency, 43
Oxygen enrichment, 43

P
Passivating process, 4
Path control, noise, 17
Periodic bed sterilization, 99
Permissible noise exposure time periods 

and levels, 18
Personal protective equipment for 

operator safety
examples of, 14
eye protection, 14
foot protection, 14–15
hand protection, 15, 16
head protection, 16–17

pH buffers, 180
pH measurement, 158
pH meter readings, troubleshooting, 

190–191
pH probes

calibration, 179–181
cleaning, 177–179
combination electrode, 177

KCl solution, 177
troubleshooting guide, 182–183

pH test strips, 192
pH test tape, 192
Phosphate coatings, 4
Plastic gloves, 16
Plate and frame filter press, 123, 124
Polyelectrolyte fouling, 99
Polyelectrolytes, 102
Polymers, 72, 133

anionic, 102
application, 106–119
cationic, 102
characteristics, 102
determining concentration, 106–119
dry, 102–104
for dewatering sludges, 105–106
jar test procedure, 104–105
nonionic, 102
polymer solution, preparation of, 112, 113
sludge treatment, 153–154
testing, 104–106
wet, 104

Portable pH test kit, 192, 193
Positive displacement pumps,  

166, 171, 190
Potting compounds, 178
Precious metals recovery

electrodialysis, 94
electrolytic recovery, 94, 95
evaporation, 94, 95
ion exchange, 94
reverse osmosis, 94, 100–101

Precipitates, 178
Precipitation, 133

calcium sulfate, 99
high pH, 78
hydroxide, 71–72, 75, 85, 86
sulfide, 72, 75, 76, 78

Printed circuit board manufacturing, 4
Programmable logic controllers (PLCs), 133
Publicly owned treatment works (POTWs), 

2, 79, 159
Pumps

cavitation, 165, 166
centrifugal, 168–171
classification of, 164, 165
driving equipment, 167
electrical controls, 167
new pump startup and shutdown, 

166–167
positive displacement, 166, 171
sampling, 163
troubleshooting guide, 171–174
volute, 168

Q
Quality control and sample preservation, 

163–164
Quicklime, 36–37
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R
Radioactive isotopes, 23, 24
Receiver control, noise, 17
Redox reaction, 157
Representative sampling, 162
Resin fouling, 98
Respiratory protection, for operator safety, 

13–14
Reverse osmosis, 94, 100–101
Rotameter, 184
Rubber gloves, 16

S
Sacrificial anodes, 120
Safety

defined, 5
emergency preparedness and response, 

22
management responsibilities, 6
operator safety, 12–20
programs

effectiveness, 7
hazards, types of, 8–9
objective, 6
operator’s responsibility, 7–8
reporting incidents, 10
supervisors role, 7

training program
components, 20
tailgate safety meetings, 21

water (see Water safety)
Safety data sheet (SDS), 27–29, 81
Salts, handling of

aluminum sulfate, 45–46
ferric chloride, 46
ferric sulfate, 46
ferrous sulfate, 46

Sampling, 161
auto-samplers, 162
composite samples, 159
devices and equipment, 162–163
dippers, 162
EPA-approved preservation methods, 

163–164
good/accurate sampling results, 158, 160
grab samples, 158–159

laboratory equipment, 163
preserving samples and quality control, 

163–164
publicly owned treatment works  

facility, 159
pumps, 163
representative, 162
weighted bottle, 162–163
wide-mouthed plastic bottles, 163

Segregated wastestreams treatment, 54, 55
Segregation, 5
Self-contained breathing apparatus (SCBA), 

13, 33
Semiannual maintenance tasks, 176
Sewer use ordinance, 2
Skimming, 121
Sludge disposal, 125
Sludge treatment, 123–124, 153–154
Sodium borohydride, 81–83
Sodium cyanate, 87
Solvent control, 122
Source control, noise, 17
Specific gravity, 39, 78, 189
Spent plating solutions, 27
Stored energy, 24, 25
Strong electrolytes, 64
Sulfide precipitation process

common metals removal, 72, 75, 76
complexed metal wastes removal, 78

Sulfur dioxide, 42–43
Supervisor’s accident report form, 10, 11
Survey control panels, 133, 134
Suspended solids removal

lamella settler, 72, 73
using plate settler, 72, 74
using sand filter, 72, 73

Synchronous motors, 167

T
Tailgate safety meetings, 21
Time-weighted average (TWA), 19
Titration

curves of strong base with strong acid, 
64, 65

of industrial wastewater sample, 65, 66
Total chromium color comparison test kit, 

192, 193

Toxic gases, 176
Toxic organics control, 122–123
Toxic wastes, protecting people and 

facilities, 2
Trisodium salt (TMT 15), 81
Trivalent chromium, 140
Troubleshooting guide

ion exchange process
excessive pressure drop, 99–100
failure to produce specified water 

quality, 98–99
throughput capacity loss, 97

pH and ORP probes, 182–183
pumps, 171–174

U
Unsafe acts, prevention of, 6

V
Velocity meters, 184–185
Viscosity, 102
Viscous polymer solutions, 102
Volute, 168

W
Wastewaters, industrial sources of, 3–5
Water hammer, 166
Water safety, 22

cold-weather conditions, 23
filters, 23
infections and diseases, 23
radiological hazards, 23–24

Weak electrolytes, 64
Weekly tasks

maintenance, 175
operators, 135

Wet polymers, 103, 104
Workplace hazards. See also Safety

acute effects, 8
categories, 8
chronic effects, 8–9
preventive measures for, 8, 9

Workplace safety. See Safety
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