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ABSTRACT 

Heavy metals have long been known to exert toxia effeats upon plants 

and animals at all trophia levels. Through the use of water as a aleansing 

and transporting agent, various types and forms of metals find their way 

into the sewerage system. 

To determine the fate of heavy metals sewage treatment proaesses, a 

study aovering a period of five months was aonduated at the Wahiawa Sewage 

Treatment Plant. The study involved determining the distribution of 

metals in the various fraations of the waste water and sludges in addition 

to the overall removed in the system. 

The step-aeration aativated sludge treatment proaess, employed at 

Wahiawa, removed most of the heavy metals, Al, Cd, Cu, Fe, Hg, Pb, and Zn, 

that were deteated at the plant in aonaentrations ranging from a few parts 

per billion of meraury to a few parts per million of iron. Hexavalent 

ahromium was removed somewhat less effiaiently and niakel was reduaed in 

aonaentration only slightly aompared to the other metals monitored. 

Results of this investigation showed that most of these metals were 

removed by preaipitation with the sludges in primary treatment and further 

removal oaaurred through biologiaal uptake in the seaondary phase of 

treatment. 

The residual aonaentration of metals in the finaZ effluent disaharge 

were usually below toxia levels, with the exaeption of niakel, for fresh

water aquatia organisms and plants. 
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HEAVY METALS IN OAHU MUNICIPAL WASTE WATERS 
AND PROCESS EFFLUENTS 

I 

Increasing incidents of heavy metal contamination of the nation's 

receiving waters and documented reports of their cumulative and toxic nature 

warrant considerable attention and monitoring of this group of pollutants. 

This holds especially true for Hawaii where the islands possess many miles 

of recreational shoreline, with associated coral reefs and fishes, and 

other water-oriented resources. 

Tourism is the major supporting industry in Hawaii and is largely re

sponsible for the industrial component in municipal sewage being relatively 

small. However, recognizing that the quantity of the industrial component 

is not foreseen to decrease and that few studies have evaluated the pres

ence of heavy metals in municipal waste waters, a study was undertaken to 

investigate both the occurrence and fate of this pollutant in sewage treat

ment processes. 

The Hawaii State Department of Health, the agency responsible for 

administering and enforcing environmental controls has e.stablished ambient 

water quality standards applicable to all coastal and fresh waters based on 

intended beneficial use. In these standards, various physical, chemical, 

and biological limits were adopted along with the stipulation that all 

waters shall be free of toxic materials. The City and County of Honolulu's 

Public Works Department, which operates and maintains 18 Oahu waste water 

treatment plants, limits both industrial and commercial pollutant loads 

entering the sewerage system. Under this surveillance program, discharge 

of toxic materials is not permitted. 

Heavy Metals Study 

The nine metals, AI, Cd, Cr, Cu, Fe, Hg, Ni, Pb, and Zn, were surveyed 

in the influent and various process effluents at three Oahu waste water 

treatment facilities and removal efficiencies evaluated by a materials 

balance. It was planned to obtain a general idea of conditions at other 

Oahu waste water treatment plants by monitoring the strengths of this class 

of pollutants at three Oahu facilities. 
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Background and Scope of Study 

The Wahiawa Sewage Treatment Plant is a step-aeration activated sludge 

plant with anaerobic digestion and vacuum filtration for solids handling. 

The plant, located in central Oahu, presently serves a community of 15,000 

which generates an average domestic sewage flow of 1.2 mgd (4542 cu m/day). 

The heavy metals materials balance study covered a period of eleven 

months from August 1972 to June 1973. Reasons for selection of this plant 

from among other municipal plants were the following: (1) it employs the 

activated sludge process of which metal toxicity studies have been conducted, 

(2) the plant serves a community engaged in varied commerical and a few 

light industrial activities, (3) telemetering was adequate for determining 

intercomponent flows, and (4) the plant has a history of good management. 

A schematic flow diagram of the Wahiawa treatment process is shown in 

Figure 1. The flow scheme provides for continuous recirculation of acti

vated sludge and intermittent wasting to the wet well. 

In a subsequent and less detailed study, process effluents from the 

Kaneohe and Kailua trickling filter plants (communities similar in charac

ter to and larger in population than Wahiawa) were analyzed for heavy metals 

over a one-month period. Flows at these plants averaged 3.0 and 3.8 mgd, 

(11.355 and 14.383 cu m/day), respectively. 

Previous Studies 

EFFECTS ON TREATMENT SYSTEMS. Bench-scale bioassays by Barth et al. (1964) 

investigating the effects of copper, nickel, chromium, and zinc showed that 

the activated sludge process can tolerate a total heavy metal concentration 

of 10 mg/f either singly or in combination with about a 5 percent reduction 

in overall plant efficiency (nitrification inhibition was the most notice

able effect). Intermittent doses of metals were found to cause a signifi

cant reduction in treatment efficiency, however, substantially larger con

tinuous doses did not further decrease efficiency greatly. 

Bench-scale aerobic treatment studies involving Cu, Cr, AI, and Hg 

have also been conducted individually (McDermott et al. 1963; Moore et al. 

1961; Hsu and Pipes 1973; and Ghosh and Zugger 1973), as have anaerobic diges

tion studies concerning the effects of Ni and Zn (McDermott et al. 1963; 

1965). A summary of reported toxicity levels to aerobic and anaerobic bio

logical processes is given in Tables 1 and 2. 



TABLE 1. CONTINUOUS DOSE OF METALS YIELDING SIGNIFICANT 
REDUCTIONS IN AEROBIC TREATMENT EFFICIENCY. 

CONCENTRA T I ON IN 
METAL INFLUENT SEWAGE (mg/i) 

CHROMIUM (VI) 10 

COPPER 1 

NICKEL 1 TO 2.5 

ZINC 5 TO 10 

TABLE 2. HIGHEST DOSE OF METALS ALLOWING SATISFACTORY ANAEROBIC 
DIGESTION OF SLUDGE (CONTINUOUS DOSAGE). 

METAL CONCENTRATION IN INFLUENCE SEWAGE 

CHROMIUM (VI) 

COPPER 

NICKEL 

ZINC 

aHIGHER DOSE NOT STUDIED. 

(mg/!) 

PRIMARY SLUDGE 
DIGESTION 

50 

10 

40 

10 

COMB I I\IED SLUDGE 
DIGESTION 

3 

REMOVAL EFFICIENCIES. Metal removal efficiencies obtained from both bench

scale and field studies have been reported by Barth et al. (1965) in con

junction with their earlier bioassay lnvestigations. Stones (1955, 1956, 

1958, 1959a, and 1959b) published a series of papers on his findings for 

removal of Cr, Cu, Ni, Zn, and Fe in several English treatment facilities. 

In both studies, relatively low removals of chromium and nickel were ob

served in both primary and secondary treatment. Chromium removals ranged 

from 37 to 82 percent and for nickel from 8 to 78 percent. 

Sampling Procedures 

During the preparatory stages of this study, grab sampl~s were taken 

at various process effluent sites to determine metal concentrations which 

could be expected and to develop accordingly an applicable analytical method. 

Subsequently, a 24-hour survey of the Wahiawa raw sewage was conducted to 

determine diurnal variations in metal levels. Hourly samples of sewerage 

after comminution were collected using an automatic sampler from the influent 

channel. 
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Ten days of 8- to 14-hour Wahiawa process influent-effluent composites 

covering the major portion of the daily waste load were prepared manually 

in the field. Requirements for sampling of underflows and telemeter readings 

dictated manual sampling methods. Flows were composited hourly in I-gallon 

polyethylene containers fitted with plastic caps and containing I percent 

v/v concentrated nitric acid to prevent plating onto the container walls. 

Each day of the week and three overlapping week days were sampled to incor

porate daily variations in waste water characteristics. 

The sampling program. was initially based on a plug flow pattern be

tween the primary influent and the final effluent, applying the appropriate 

theoretical detention period based on average flow; however, in this manner 

only 30 percent of the daily flow could be integrated during the 6 AM to 

10 PM sampling period. Thus, in subsequent days, the primary and secondary 

treatment units were sampled independently making possible a l4-hour com

posite sample which accounted for up to 83 percent of the daily flow. Con

comitantly, the primary and final effluents were composited using the de

tention period at average flow in the aeration tanks and the final clarifier 

as the lag time. 

The raw sewage required separate sampling from the primary influent as 

metal content would differ due to recycled elutriation and thickener over

flows and activated sludge wasting. 

In addition to recycled flows and underflows pertinent to the materials 

balance, other intercomponent sites sampled were the thickened combined 

(activated and primary) sludge, digested sludge, and dewatered filter cake. 

Composite and grab sampling points are indicated in Figure 1. 

Grab samples were taken during the latter three days of the study and 

filtered in the field through Whatman glass fiber filters for total and 

soluble metals determinations. 

Samples from the Kaneohe and Kailua plants were grab-collected by plant 

personnel, fixed with nitric acid, and delivered for laboratory analyses. 

Analytical Procedures 

Heavy metal concentrations in the waste water, process effluents, and 

various sludges were determined using a Perkin-Elmer Model 30SA atomic 

absorption spectrophotometer. The manufacturer's recommended instrument 

setting for specific metals analyses was used and good recoveries were ob

tained with spiked samples. 
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Fresh standard solutions of concentrations within the linear absorbance 

range were used in calibrations. .For sub-microgram concentrations, a 

chelate-solvent extraction preconcentration step performed at a low pH was 

necessary to bring the absorbance into this range. Total metals were deter

mined subsequent to a nitric-perchloric acid digestion on a hot plate 

(U.S. EPA 1971). 

Mercury was analyzed separately using a modified cold vapor method 

first developed by Hatch and Ott (1968; and Kopp, Longbottom, and Lobring 

1972). 

Results 

24-HOUR SAMPLING OF RAW SEWAGE. Total AI, Cr (VI), Cu, Fe, Ni, Pb, and Zn 

concentrations determined in the hourly raw sewage samples are shown in 

Figure 2 along with the variation in sewage flow rates. Hg and Cd concen

trations were not determined due to an inadequate sample volume since solid 

tests were also conducted. As noted in the figure, the 24-hour period ex

tended from 8 AM Saturday to 8 AM Sunday. 

Most noticeable in Figure 2 is that the concentration of Fe, AI, and 

Zn generally varied directly with flow rates. The 10 to 11 AM peak was 

accompanied by a peak concentration of 1.88 mg/i Fe and 1.00 mg/i AI. The 

greatest measured zinc concentration of 1.08 mg/i occurred in the 3 PM flow, 

with a "secondary" peak concentration of 0.72 mg/i in the 10 AM flow. 

Diurnal variations in suspended solids and pH values (not shown) also 

displayed a somewhat direct relationship to sewage flow rates. 

pH readings of the raw sewage ranged from 6.65 to 7.50. Suspended 

solids content of the raw sewage ranged from 20 mg/i in the late night flow 

(infiltration) to a high of 350 mg/L. 

Metals Content in Process Effluent Composites and Recirculated Flows 

PROCESS EFFLUENT COMPOSITES. Metals content of process effluent composites 

for the ten days are given in Table 3 along with the encountered range and 

computed mean and median values. Metals concentrations in feedback flows 

to the wet well, i.e., overflows from the thickener and elutriation tanks 

and waste activated sludges, are also included. 

Iron, aluminum, and zinc were the most abundant metals in the raw 

sewage with composite concentrations of up to 1.18 mg/i Fe, 0.73 mg/i AI, 
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TABLE 3. METAL CONCENTRATIONS IN PROCESS EFFLUE~H COMPOSITES . ... 
00 

RANGE MEAN MEDIAN RANGE MEAN MEDIAN RANGE MEAN MEDIAN 
mg/l 

SOURCE ALUMINUM CADMIUM CHROMIUM ~VIl . 
RAW SEWAGE 0.62-0.73 0.67 0.65 0.05-0.065 0.06 0.06 0.012-0.018 0.015 0.015 
PRIMARY INFLUENT 0.75-3.20 1.45 1. 25 0.04-0.15 0.07 0.062 0.015-0.040 0.025 0.030 
PRIMARY EFFLUENT 0.50-1.75 0.88 0.81 0.03-0.12 0.05 0.045 0.010-0.030 0.020 0.020 
PRIMARY SLUDGE 32-175 80 56 1. 00-2.30 1.46 1.32 0.46 -1.00 0.72 0.62 
M I XED LI QUOR 4.50-8.10 5.50 5.00 0.075-0.20 0.17 0.18 0.030-0.075 0.05 0.05 
FINAL EFFLUENT 0.1 1.00 0.35 0.28 0.02-0.10 0.04 0.03 0.008-0.020 0.015 0.015 
RETURN + WASTE 19-38 27.5 26 0.03-0.85 0.70 0'.73 0.14 -0.31 0.21 0.22 
THICKNER + ELUTRIATION 1. 38-1. 88 1.63 1.62 0.10-0.13 0.12 0.12 0.01 -0.02 0.02 0.02 
W.A.S. 40-62.5 52.5 55 0.45-0.95 0.73 0.80 0.20 -0.28 0.24 0.25 

COPPER IRON MERCURY 
RAW SEWAGE 0.062-0.09 0.075 0.075 1. 00-1.18 1.09 1. 08 .0004-.0011 .0009 .0011 
PRIMARY INFLUENT 0.088-0.22 0.16 0.15 1. 90-6.40 3.75 2.91 .0006-.0032 .0018 .0018 
PRIMARY EFFLUENT 0.05 -0.16 0.09 0.08 1. 00-2.95 1.86 1.61 .0002-.001'f .0006 .0006 
PRIMARY SLUDGE 3.75 -11.0 7.16 7.00 80-280 150 108 .050 -.140 .090 .090 
MIXED LIQUOR 0.33 -0.58 0.48 0.50 10-25 13.6 12.4 .004 -.008 .005 .005 
FINAL EFFLUENT 0.01 -0.11 0.04 0.04 0.30-0.90 0.50 0.53 ND-.0002 ND ND 
RETURN + WASTE 1. 58 -3.40 2.50 2.70 40-90 67 68 .022 -.037 .028 .027 
THICKNER + ELUTRIATION 0.10 -0.20 0.16 0.18 3.62-4.50 4.05 4.00 .0007-.0037 .002 .0008 
W.A.S. 4.50 -5.25 4.80 4.62 85-130 105 85 .035 -.04 .040 0.040 

NICKEL LEAD ZINC 
RAW SEWAGE 0.06-0.07 0.07 0.07 0.04-0.07 0.05 0.05 0.20-0.32 0.28 0.32 
PRIMARY INFLUENT 0.07-0.27 0.15 0.15 0.04-0.10 0.06 0.05 0.32-1. 08 0.55 0.48 
PRIMARY EFFLUENT 0.06-0.25 0.13 0.13 0.02-0.06 0.03 0.03 0.18-0.51 0.27 0.23 
PRIMARY SLUDGE 0.35-1.50 0.90 0.90 1.55-4.00 2.39 2.24 15.8-43 27 26 
MIXED LIQUOR 0.13-0.30 0.18 0.16 0.13-0.22 0.17 0.16 1.10-2.30 1. 76 1.85 
FINAL EFFLUENT 0.04-0.18 0.10 0.10 0.01-0.04 0.02 0.02 0.08-0.22 0.15 0.15 
RETURN + WASTE 0.25-0.65 0.45 0.42 0.58-1.16 0.80 0.80 5.60-13 9.10 8.80 
THICKNER + ELUTRIATION 0.07-0.15 0.10 0.07 0.08-0.11 0.09 0.09 0.37-0.75 0.56 0.55 
W.A.S. 0.40-0.60 0.50 0.50 1.18-1.52 1. 33 1.30 15.5-16 15.8 16 
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and 0.30 mg/i Zn in the raw sewage. Copper, nickel, cadmium, and lead con

centrations in the raw sewage were within the 0.04 to 0.07 mg/i range ~n 

most instances while hexavalent chromium was ~resent at 0.015 mg/i. Mercury 

levels in the raw waste water were near 1.1 ]Jg/l. 

For the process effluents, it is evident that the metals became ~on

centrated in the primary and activated sludges .. In the final effluent Fe, 

AI, and Zn also were present in the higher concentrations among the metals 

surveyed. Median concentrations were 0.53 mg/.f Fe, 0.28 mg/i AI, and . .O •. 15 

mg/i Zn. Of note from Table 3 is that the median nickel concentration in 

the plant effluent was greater than that for the primary effluent. Unusual 

plant operating circumstances were primarily responsible for this phenomenon 

and will be discussed later. 

Recirculated Flows 

A quantitative indication of heavy metals recirculated to the wet well 

is given in Tables 3 and 4. An evaluation for 3 of the 10 sampling days 

METAL 

ALUMINUM 

CADMIUM 

CHROMI UM+ 6 

COPPER 

IRON 

MERCURY 

NICKEL 

LEAD 

ZINC 

TABLE 4. METALS RECIRCULATED TO WET WELL 

RAW SEWAGE 

67, 61, 53 

81, 78, 81 

89, 86, 76 

68, 69, 56 

59, 57, 42 

64, 80, 62 

83, 88, 85 

76, 77, 76 

77~ 68, 51 

WASTE 
ACTIVATED SLUDGE 

% BY WEIGHT 

25, 22, 29 

6, 4, 5 

6, 5, 12 

25, 16, 28 

29, 20, 36 

27, 13, 16 

3, 2, 6 

13, 9, 11 

17, 14, 34 

THICKENER + 
ELUTRIATION 

OVERFLOW 

8, 17, 18 

13, 18, 14 

5, 9, 12 

7, 5, 16 

12, 23, 22 

9, 7, 22 

14,10, 9 

11;, l4~ 13 

6, 18, 15 

PERCENT OF PLANT 
INFLUENT 
ACCOUNTED 

109, 142, 155 

103, 103, 114 

89, 96, 78 

104, 86, 90 

95, 90, 102 

105, 96, 100 

97, 99, 103 

105, 92, 92 

112, 107, 124 

showed that a large portion of the aluminum and iron in the primary influent 

was attributable to the metallic content of the waste actIvated sludge and 

thickener and elutriation overflows. Biosorption of metallic ions with 

subsequent sludge wasting and leaching of metals from sludge handling con

tribute to the metals recirculation matrix. Return of filtrate containing 

residual lime and FeC1 3 required for the dewatering process is another 
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contributing factor. Very high concentrations of all the metals surveyed 

were found in the filter cake. Trace amounts of these same metals were 

also found in the sludge conditioning chemicals themselves (Table 5), but 

considering the relatively small quantities of chemicals added (10 percent 

lime and 3 percent FeCl3 dry solids wt.), the process contributes a small 

portion of metals, except for iron. 

TABLE 5. METAL CONTENT OF SLUDGE CONDITIONING CHEMICALS 

Al Cd Cr Cu Fe Hg Ni Pb Zn 

% DRY WEIGHT 

FeC13 NO 0.007 0.001 0.020 44 NO 0.010 0.012 0.002 

LIME 0.11 0.01 NO NO 0.14 NO 0.02 NO NO 

Metals Content of Raw and Digested Sludges 

Table 6 shows the distribution of metals found in random samples of 

raw, thickened sludges and digested sludges prior to elutriatlon. Results 

for total and soluble metals indicated that virtually all the metals existed 

in the suspended or insoluble phase for both these sludges. The seven 

sampling days also showed that a relatively stable concentration of metals 

prevailed in the digester for the 5-month period. Two deviations however, 

were Fe and Al which exhibited sporadic increases and declines in concen

tration. 

Aluminum was concentrated in the thickened sludge at a median concen

tration of 98 mg/l, Fe at 395 mg/i and Zn at 38 mg/l. Cadmium was present 

at 2.20 mg/l, Ni at 1.30 mg/i, Pb at 4.10 mg/l, Cu at 10 mg/l. Lr(VI) at 

0.67 mg/l, and Hg at 0.1 mg/l. Respective median metals concentrations, 

both soluble and total (as analytically defined), WGre comparable in both 

raw and digested sludges. Volatile solids reduction during this period 

ranged from a low of 40 to a high uf 65 percent with solids concentrations 

of 3 to 4 percent. 

A major portion of the metals in the influent was accounted for in the 

various process effluents as eVIdenced by a fairly good materials balance. 



TABLE 6. METAL CONCENTRATIONS IN RAW AND CIGESTED SLUDGES. 

RAW SLUDGE DIGESTED SLUDGE 

TOTAL SOLUBLE TOTAL SOLUBLE 

PARAMETER RANGE MEDIAN RANGE MEDIAN MEDIAN RANGE 

Al 83-198 98 ND-0.84 ND 87-165 105 ND-0.84 

Cd 1. 45-2.70 2.20 ND-0.31 0.24 1. 70-2.20 1. 95 0.08-0.37 

Cr 0.44-1.00 0.67 ND-O.075 0.07 0.44-0.84 0.71 0.012-0.090 

CU 5.00-13 . .':>0 10.00 ND-0.090 0.075 8.50-12.00 9.50 ND-0.31 

Fe 210-435 395 .32-2.98 0.78 285-400 350 1.03-2.94 

Hg 0.070-0.157 0.102 ND-.002 0.0013 0.096-0.175 0.131 ND-.0006 

Ni 0.85-1.66 1. 30 0.06-0.30 0.24 0.75-1.33 1.02 ND-0.038 

Pb 2.15-4.70 4.10 .05-.20 0.13 3.00-3.95 3.70 0.04-0.20 

Zn 25-56 38.50 .08-.62 0.48 24-52 36 0.02-0.57 

NOTE: 7 SAMPLING DATES. 

MEDIAN 

ND 

0.27 

.050 

.081 

1.70 

ND 

0.24 

0.15 

0.36 

.,.... 
I-' 
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Metals Removal Efficiencies 

Metals removals in primary and secondary settling, calculated on a 

mass basis, are shown in Table 7. Primary removals of Fe, Pb, Cu, Zn, and 

Hg were usually between 46 and 67 percent. Lesser precipitations were of 

AI. Cd, Cr, and Ni, in that order. 

Removals of metals in secondary settling, as related to the content in 

the mixed liquor showed that more than 90 percent of each metal surveyed 

precipitated with the floc. Cr (VI) and Ni reductions however, were less than 

77 percent and 50 percent, respectively for half the days sampled. The 

removals outlined above may be misleadingly high since they are related to 

metals content in the mixed liquor and because the aeration phase act as a 

reservoir. 

Overall removals determined from removal efficiencies gathered from 

the 8-hour composites between the primary and final effluents and applied 

to primary settling removals are also included in Table 7. At the extremes, 

a median overall removal of 35 percent Cr and 54 percent Ni were obtained. 

Median removals were 83 percent for Cu and 95 percent for Hg. 

Observed occurrence frequencies for specific primary, secondary, and 

overall removal efficiencies for the nine metals are presented on a proba

bility basis in Figures 3, 4, and 5. 

Metals in Kaneohe and Kailua STP Process Effluents 

High concentrations of Al (275 mg/l) and Fe (930 mg/l) were likewise 

found in the digested sludges at the Kaneohe and Kailua plants. Median 

concentrations of other metals in the sludges were higher but still com

parable to Wahiawa STP ranges. 

Metal levels in the raw sewage at both these plants were also comparable 

to tho~e at Wahiawa. Copper at the Kailua plant howeve~was,present at a 

somewhat high 0.47 mg/l. 

Cd, Cr, Hg, Ni, and Pb could not be detected in the random outfall 

samples in most instances. A summary of results is shown in Table 8. 



TABLE 7. SUMMARY OF METAL REMOVAL EFFICI~NCIES AT THE WAHIAWA SEWAGE TREATMENT PLANT. 
-- -- -- -- ~---

PRIMARY SETTLING 

PERCENT PERCENT 
REMOVALS ACCOUNTa 

PARA.METER RANGE MEAN MEDIAN RANGE MEDIAN 

Al 32,-50 39 36 88-112 101 

Cd 1 S--41 29 28 86, 109 97 

Cr 17-35 26 27 87-120 108 

Cu 28-6) 50 52 18 120 101 

Fe :SO-63 47 46 80-113 9Y 

Hg 56-82 67 67 50-114 100 

Ni 8,-34 14 13 89-102 96 

Pb 33-67 48 46 87-137 96 

Zn 41-60 51 52 71-123 112 

NOTE: f4-HOUR COMPOSITE OF 10 SAMPLING DAYS. 

apERCENT ACCOJNT = (E MASSES IN OUTLETS) X 100 
INFLUENT MASS >-: . 

_._ .. - ----- -_._ .. _-- ~- --

SECONDARY SETTLING OVERALL REMOVALS 

PERCENT PERCENT 
REMOVALS ACCOUNT (8 HR) 

RANGE MEAN MEDIAN RANGE MEDIAN RANGE MEAN MEQIAN 

70-98 92 96 93-117 98 71-100 82 78 

57-92 80 86 82-108 98 53-73 59 55 

I 63-84 76 77 98-117 104 NO-54 32 35 

I 78-98 93 9Lt 90-120 103 34-87 74 83 
I 

I 95-98 97 97 56-118 102 80-91 85 84 

92-100 97 97 85-113 102 87-100 95 100 

40-74 55 50 71-104 95 23-68 42 54 

83-95 89 89 92-109 98 60-84 73 ]6 

91-97 93 93 -_. 88-110 102 62-82 71 73 

I-' 
(,,-l 
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TABLE 8. RANGES OF METALS CONCENTRATION IN KANEOHE 
ANO KAILUA STP GRAB SAMPLES. 

PRIMARY FINAL OIGESTEO 
METAL RAW EFFLUENT EFFLUENT OUTFALL SLUOGE 

in mg/l 

KANEOHE STP 

Al 0.23-1. 02 0.10-0.50 NO-0.25 NO-0.25 260-435 -

Cd NO-O .05 NO-0.04 NO-0.045 ND-O.OS 2.80-4.60 

Cr NO-0.01 NO-0.02 NO-0.006 NO-0.006 2.15-3.65 

Cu 0.01-0.05 NO-O.04 NO-0.02 NO-0.02 12.0-16.0 

Fe 0.80-2.70 1.15-1. 95 0.65-0.95 0.60-1.05 920-1420 

Hg NO-0.0007 ND-0.0005 NO NO 0.08-.27 

Ni ND-O.Ol NO-O .15 NO-0.02 NO-0.025 2.1-2.8 

Pb NO-0.05 NO-0.06 ND-0.05 ND-0.03 8.4-11.4 

Zn 0.05-0.46 NO-0.29 NO-0.40 ND-0.38 50-79 

KAILUA STP 

A1 0.36-3.00 0.13-0.62 ND-0.38 ND-0.30 255-310 

Cd NO-0.1l ND-0.04 NO-0.05 ND-0.05 4.40-6.40 

Cr NO-0.02 ND-0.03 ND-0.02 ND-0.01 2.60-5.00 

Cu 0.04-0.47 0.015-0.06 ND-0.03 ND-0.03 11.2-18.4 

Fe 1. 80-4. 50 0.06-4.10 0.30-0.80 0.38-0.85 820-1120 

Hg 0.0002-0.0014 ND-0.0003 ND ND 0.04-0.43 

Ni ND-0.07 ND-0.02 ND-0.06 ND-0.025 2.00-2.70 

Pb ND-0.15 ND-0.09 ND-0.07 ND-0.05 12.6-19.0 

Zn 0.03-0.66 0.05-0.62 NO-0.54 0.04-0.28 65-86 
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DISCUSSION 

The bulk of the AI, Fe, and Zn in the Saturday flows we:r-e pres.ent in 

the morning and evening maximum flows (Fig. 2). This observation suggests 

that an appreciable portion of these metals in the Wahiawa wastewater are 

domestically generated. The night pattern from the 24-hour study also showed 

that a small contribution is attributable to normal infiltration. Upon 

reflection, this finding is not unexpected as these metals are natural com

ponents of soils and a common component in such everyday domestic products 

as cleansing agents, toiletries, and even certain foods. 

For the study in general, metals concentrations in the raw sewage and 

primary influent composites were fairly consistent for the weekdays, possibly 

indicating a uniform waste water discharge pattern into the sewerage system. 

Of the ranges shown in Table 3, the extremes can usually be attributed to 

Sunday and Saturday flows. Although Saturday and Sunday flows are the 

greatest for the week at about 1.5 mgd, the metal content of the composites 

varied widely (Table 9). This finding again suggests that AI, Fe, and to 

a large degree Zn, in the waste water are of a domestic origin. The other 

metals, Cd, Cr, Cu, Ni, Pb, and especially Hg seem largely inherent in the 

commercial (dentists, hospital, photo studios, garages, etc.) and possibly 

the small industrial (contractors, cement, welders) waste water component. 

The high Fe content in the primary influent composite on Thursday can 

be attributed to lime additions to the thickener and subsequent overflow 

return to the wet well. Lime addition to the primary clarifier were also 

initiated this day in an attempt to compact the sludge resulting from a 

solids overload external to normal plant operating conditions for more 

efficient handling. This aspect will be discussed later. 

Analyses of the sludges revealed, as expected, unusually high concen

trations of every metal. The mechanism of removal has not been thoroughly 

investigated, however, metal precipitation with sulfides under anaerobic 

conditions and with hydroxides enhanced at an elevated pH is known. 

Since metals are neither created nor destroyed in anaerobic digestion, 

only its distribution was investigated. Results for random samples showed 

that the soluble-insoluble distribution did not differ significantly pos

sibly due to the extreme insolubility of metal sulflde compounds neutralizing 
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TABLE 9. METAL CONCENTRATION OF PRIMARY INFLUENT AND 
RAW SEWAGE COMPOS I TES • 

DAYS Al Cd Cr Cu Fe Hg Ni Pb Zn 
(mgj i) 

PRIMARY INFLUENT 

SUNDAY 1.00 0.06 0.015 0.09 2.10 0.0006 0.07 0.05 0.37 

MONDAY 0.75 0.07 0.025 0.15 2.32 '0.0018 0.08 0.10 0.32 

TUESDAY 1. 00 0.065 0.03 0.14 2.10 0.0018 0.15 0.04 0.40 

WEDNESDAY 1.00 0.04 0.03 0.13 1.90 0.0016 0.14 0.05 0.43 

THURSDAY 1.60 0.07 0.032 0.22 6.40 0.0016 0.17 0.055 0.63 

FRIDAY 0.75 0.075 0.022 0.15 2.10 0.0013 0.08 0.07 0.44 

SATURDAY 1.50 0.15 0.025 0.15 3.50 0.0025 0.22 0.075 0.53 

RAW SEWAGE 

SUNDAY 0.73 0.05 0.012 0.06 1.18 0.0004 0.06 0.04 0.32 

MONDAY 0.62 0.06 0.015 0.075 1.00 0.0011 0.07 0.07 0.20 

FRIDAY 0.65 0.06 0.018 0.09 1. 08 0.0011 0.07 0.05 0.32 

any bio-release of sorbed metals due to lysing. Even greater concentrations 

of metals were present in the sludge cake due to dewatering (Table 10). 

TABLE 10. METALS CONTENTS FROM DIFFERENT DRIED SLUDGE SOURCE 

Al Cd Cr Cu Fe Hg Ni Pb Zn 
SLUDGE % (ppm) % % % % (ppm) (ppm) % 

SEMI-
INDUSTRIAL 10 1.6 0.3 0.7 120 235 0.94 

RES IDENTIAL 5 0.006 0.24 0.9 25 185 0.11 . 
FILTER CAKEa 0.63 0.024 0.004 0.033 2.57 0.0007 0.024 0.02 0.16 

HEAVY-INDUSTRY 45 0.43 0.11 1.5 170 1425 0.58 

SOURCE: Van Loon 1973. 

aWahiawa Sewage Treatment Plant. 

The metals, Cd, Hg, Ni, and Pb which command primary attention because 

of their toxic nature, were all found at considerable levels in the sludge 

than in the sewage. Similarly, high metal concentrations in strictly resi

dential community source-dried sludges have been reported by Van Loon (1973), 

in addition to results for sludges of a semi-industrial and heavy-industrial 

character. 
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Use of metal-laden dried sludges even from residential sources as a 

soil conditioner or nutrient supplement for plants should be further inves

tigated. The degree and frequency of application could be dictated by such 

a consideration. Some toxicity levels found in specific plant tissues have 

been reported by others (Cheremisinoff and Habib 1972). 

METAL REMOVALS 

Observed occurrence frequencies for metal removals (Fig. 3) indicated 

good primary removals of Fe, Cu, Hg, and Zn. Slopes of these curves indicate 

the degree of variance in efficiencies with steep slopes reflecting a wide 

range in removals. AI, Cr (VI), Cd, and Pb exhibited similar variations but 

lesser removals. Removal efficiencies for Ni were of a wide range but, 

nevertheless, still the lowest of all the metals surveyed, not exceeding 34 

percent. Poor nickel removals in primary sedimentation were also reported 

by Stones (1959). 

It should be mentioned that during the course of this study, a sludge 

buildup occurred in the primary clarifier due to continuous trucking of 

domestic sludge from the nearby Waipio STP holding tank. The primary clari

fier was in, or approaching, a bulking state for four of the days monitored, 

however percentage removals of metals, as determined between the primary 

influent and effluent, were not greatly affected. The attributing factor 

is that solids removals between these two sites were still good although the 

quality of the primary effluent was poorer than on other days. In subsequent 

days, trucked sludges were pumped directly into the aeration tanks. 

Most of the AI, Fe, Hg, Pb, and Zn (90 percent) settled readily with 

the biofloc in secondary treatment with suspended solids removals within the 

90-95 percent range (Fig. 4). AgaIn, Cr (VI) and Ni median removals of 77 

percent and 50 percent, respectively, resulted. Differences in metal re

movals might be explained by Dugan and Friedman's findings on metallic up

take by activated sludge (Friedman and Dugan 1968). ~ high affinity for 

concentration and accumulation of Cu, Zn, and Fe and a low affinity for Ni 

was found for aerobes. 

Computed overall metal removals (Fig. 5) show that virtually all the 

mercury was removed in the effluent 60 percent of the time. Other metals 

largely removed by the sewage treatment process were Fe, AI, Zn, and Cu. 
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Poor nickel removals exemplified the findings of Dugan and Friedman. 

During two days, Ni concentrations in the final effluent were abnormally 

high compared to those of previous days (Fig. 6). Carryover or washout of 

biofloc in the final clarifier brought on by the unusually high organic 

loading and MLVSS yield in the aeration phase resulted in a poorly settled 

effluent. Thus the relatively low initial Ni removal efficiency compounded 

by solids escape under a stressed operating condition resulted in a median Ni 

concentration level greater than that for the raw sewage. 

Spot metals analyses showed that most of the Ni in the final effluent 

was present in the soluble phase as were Cr (VI), Cu, and Pb (approx. 60 

percent). Zn, AI, Fe, and Cd were present predominantly in the insoluble 

phase. 

Kaneohe-Kailua Process Effluents 

Levels of metals found in the grab samples we~e comparable to that at 

Wahiawa. Accumulation of metals in the digester presents a good indication 

of the presence of metals in the waste stream. In this sense, on a microgram 

metal per gram solids dry weight basis, somewhat greater amounts of indi

vidual metals are discharged into these systems than into the Wahiawa system. 

The absence of detectable amounts of metals in the outfall samples may 

be explained by the mid-morning time of sampling and circuiting time during 

the treatment process. Outfall samples were generally from the early morning 

flow discharge periods. 

Comparison of Toxicity Levels to Biological Treatment Processes 

Total heavy metal concentrations entering the Wahiawa plant during the 

days monitored were below the 10 mg/l threshold level reported by Barth et al. 

(1964) as reducing treatment efficiency. Concentrations in the influent sew

age were likewise below the level reported as hindering satisfactory anaerobic 

digestion. The presence of a large iron and sulfide content in the digester 

in any event provides a reservoir which should effectively minimize toxic ki

netics (Lawrence and McCarty 1965). 

1 
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Toxicity Potential to Aquatic Biota 

Of those metals surveyed, Ni poses some concern as the median composite 

concentration of 0.10 mg/i at Wahiawa was close to the 0.12 mg/i level re

ported as causing considerable mortality in oysters (FWPCA 1968). Scrutiny 

should be even more emphasized when it is considered that plants are more 

susceptible to nickel pollution than are animals. Toxicity potential of 

the final effluent is also reflected in that, except for Ni and occasionally 

Cd, the quality of the effluent met 1962 USPHS Drinking Water Standards for 

the established heavy metals limits. 

A further dilution of at least 10:1 in the receiving water can be ex

pected which would significantly reduce the potential for short-term dele

terious effects to the aquatic biota. 

Surnrnary and Conclusions 

Trace amounts of Cd, Cr, Cu, Hg, Ni, and Pb were found in the Wahiawa, 

Kaneohe, and Kailua raw sewage. AI, Fe, and Zn were the most abundant metals 

and from examination of discharge patterns, are attributable to domestic 

sources. 

Total concentrations of these nine metals in the influent sewage did 

not exceed threshold toxicity levels to aerobic and anaerobic systems as 

reported by others. The most persistent metals in the environment (Cr, Cd, 

Hg, Ni, and Pb) were not present in total concentrations exceeding 0.32 mg/i 

in the l4-hour composites of the Wahiawa municipal sewage for any of the 

10 days sampled. 

Most of the Hg, Fe, AI, and Cu in the raw sewage were removed by the 

secondary treatment process. Pb and Zn removals were slightly less than 

those for the above-mentioned metals while Cd, Cr (VI), and Ni exhibited low 

removals. 

Although a similar composite sampling program was not undertaken at the 

Kaneohe and Kailua plants, levels of metals entering the treatment system 

were not very much higher than that at Wahiawa. The concentration of indi

vidual metals in the plant effluent were always below toxic levels to the 

receiving water biota. 

j 

1 
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