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丁he technical wo「k was carried out by staff of the Weste「n Conso面um and a group of

Subcontractors that incIuded professors and staff from the Califomia Universities noted

above′ San Diego State University′ and the infectious disease lahoratories of the

Califomia Department of Health Services.

WASTEWATER TREATMENT SYSTEM (AQUA l寒)

The wastewater treatment system that was studied in San Diego (Aqua =, located in

Mission Va=ey) is a unique and innovative system, u輔zing chamels containing water

hyacinths fo「 secondary t「eatment′ fo看lowed by an advanced wastewater treatment

(AWT) system designed to upgrade the secondary effluent water to a quality equivalent
to 「aw water for potabIe reuse. The Wate「 Hyacinth System′ When ope「ated within

appropriate loading parameters′ has preduced secondary e用uent BioIogical Oxygen

Demand (BOD) and TotaI Suspended Solids (TSS) concent「ations consistently below

l O mg". This effIuent serves as the feed water to the Advanced Wastewater Treatment

Plant・ A more detailed discussion of the evoIution of the aquatic portion of the

WasteWater treatment Piiot plant is contained in a paper by Tchobanogious2.

The AWT plant contains a fu= range of advanced wastewater and water treatment unit

PrOCeSSeS′ induding coagulation′ f冊ation′ reVerSe OSmOSis′ air stripping′ Carbon

absorption, and finai disinfection. The effIuent from the advanced wastewater

treatment represents a potentia看raw water supply for the City of San Diego which has

been investigated in the study herein described′ and has been compared to the City′s
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●　The microbioIogyoftheAVAwater′ W軸outdisinfection′ meets a= microbioIogi-

Cai criteria for r∝reationai waters thesh and marine) and raw drinking wate「

source requlrementS; and

●　No enteric bacte「ial pathogens (i.e.′ Salmone=a′ Shige=a, and Campylobacter)

Were detected in either the Aqua = or the Miramar wate「s. Table 2 contains a

Summary Of the results of some与O samples that were col!ected and analyzed for

Saimone=a spp. on both the Aqua = and raw city water su【xply・

冒ab賞e2 

SummaryofObservedSalmonel萱aspp. 

inAWT,M �lra血ar,andRWWaterSources 

Nu血berof �Salmonellaa 

WaterType　　Samples ��VolumeFilteredaq)Concentration(MPN几) 

RW �84 �0.76　　　　　　　　　　12.5D 

Mramar　　　　　　55 ��10.10　　　　　　　　　　　<3C 

AWT �51 �10.10　　　　　　　　　　　<3C 

a �鵬dianvalues � 

b �RangeofvaluesO一>28,000MPN几me血od 

C �Lowestlevelofdetectio �nusingMPN仙me血od 

●　protozoa and metazoa of various types were absent in a= waters examined.

Genera=y′ there was l軸e difference between the type of organisms identified in

the Aqua = and Miramar samples・ The「ewere no Giardia lamblia recovered from

the Aqua = or the Miramar water samples even though they were commonly

recovered from the raw wastewater. Because no Giardia lamblia were observed

in the AW丁produced water′ this would indicate thatthe entire treatment process

WaS CaPabIe of achieving a greater than 99.9% removaI rate.

CHEMICAしAGENTS

Chemical screenlngand monitoringoftheAqua = and Miramarwaterswas carried outover

a three-year Period・ The objectives of this element were tWofold: tO determine which

Chemicals are present and their concentrations and to identify which of these chemicaIs

are known to be of concem to human heaIth if the AWT waterwe「e used as a municipal

raw water source. What foIIows is a brief summary of the work3.

Results of Chemical Anaivsis: Miramar and AW丁waters were analyzed for inorganics,

purgeable o・ganics, eXtra完ble organics, Pesticides, Polychlorinated Biphenyls (PCBs),

and chlorinated dibenzodioxins佃ibenzofurans. Most contaminant levels in the reciaimed

Water Were eXtremely low, Weli below conventional detection Iimits. Results of the

lnductiveIy Coupled Plasma Atomic Emission Spectroscopy (lCP-AES) analysis indicated

that boron′ caIcium′ magneSium′ manganeSe′ mOlybdenum′ Phosphomus′ SOdium, and

strontium occu汀ed in measurable quantities in both Miramar and AWr waters. Arsenic

WaS identified in the Miramar water by Atomic Abso画On Spectroscopy (AA) analysis at

Very loY concentrations′ mean Value of l.5 ug/L and not detected in the Aqua ll water. A

COmParISOn Ofthe Aqua = and Miramar mean waterquaIity against a range United States

4
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Mutagenic and genotoxic activity has been frequentiy observed in studies of source

and treated waters・ Consistentwith these observations′ Organic extracts from both the

AWT and the Mirama「 wate「 sou「ces exhibit some mutagenic activity・ ln addition,

SOme genOtOXic activity may also be associated with fractions which were not

efficiently extracted by the resin columns used in these studies・ The genotoxic effects

detected in this study were observed p「ima「iiy in the Ames test but some indications

Of potentiaI mutagenic activity were aiso observed in the other bioassays. Based on

the Ames test data′ the tested Miramar extracts exhibited somewhat higher mutagenic

activity than the comparable AWT extracts. The reason forthis difference in observed

mutagenicity is unknown but may 「eflect d附erences in composition of the originaI

SOurCe WaterS Or the 「esult of the use of disinfectants on Miramar water.

These data from sho巾term bioassay results of organic extracts of both AWT and

Miramar water indicate that water from the AWT fac航y appea「s to exhibit less

genotoxic or mutagenic activitythan the low leveis observed in the 「awwater entering

the Miramar water treatment piant.

⊆・CMS lde吐ification of Chemica! Subs置anc壁: Synthetic resins were used to

COnCent「ate traCe O「ganics from AWT, Miramar, and reagent (bIank) water. A total of

71 resin ex[ractswere anaiyzed bygas chromatography-maSS SPeCtrOmetry in an effort

to characterize the component mixture・ The resin extract for each sampie was

fractionated by High Performance Liquid Chromatography (HPLC) into fourfractionsw軸

One Ofthefractions fractionated again intothree subf「actions′ reSulting in a total of six

fractions fo「 each sample. Analysis of resin-aCCumuIated organic residues from AWT

and Miramar waters revealed the presence of many classes of o「ganic compounds in

Iow to trace amounts in the waters. Several herbicides were found in four of the five

Miramar water sampies. Only one compound found in the monthly water samples′

2-hexenal′ WaS P「edicted to be an active mutagen and reported positive in the

Salmone=a testing・

FISH BIOMONITORING

To compIement information from other HES activities′ the fish biomonitoring

experiments we「e expected to provide information on ch「onic exposure to trace

COntaminants contained in the e制uent from the Aqua = p看ant and the untreated raw

City water that accumulate in tissue but are not known to be in genetic toxicity

SCreening bioassays4.

」uvenile fathead minnows camephales promela?) were exposed to Aqua一一water,

Miramarwater, Or Charcoal冊ered San Diego tapwater (acciimation or controi water)

in fiow-th「ough aquaria. Three 28-day bioaccumuiation experiments were com-

Pleted at each site under standardized conditions fo=owing EPA and ASTM biocon-
Centration guideIines・ ln addition′ SWim speed and optomotor (eye reflex) response

tests were conducted.

AtotaI of 120 fish tissue samples and 60 aquarium water sampIes were co=ected for

analysis of 69 base/neut「aVacid extractable organics, 27 pesticides/PCBs, and 26

inorganics by investigators at the University of CaIifo「nia at Los Ange-es (UCLA).

QuadrupIicate sampIesoffish tissue and e軸erdup看icate ortriplicate sampIes ofwaterwere

COIIected and analyzed for each samplingtime (Days O′ 7′ 14′ and 28 ofthe 28-day
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T種ble4--UN量TPROCESSANDPLANTPERFORMÅNCE-Me(種IsRemoval(continued) 

EFFLUENTQUALITY �����UNITPROCESSPERFORMANCE �� 

言争 �� ��� �・・∴・タ%　‥ 

G鵬::::::二言 ���∴・・載積toⅥ1(め… �∴一心r京顔的融の∴ 

eaミtふ鳳　二.“ ��� �:;,:新高∴∴ 

SecondrryT[catment(Influent=RDF,E餌unt=PPD 

A重S壷c 破調 ��∴β ∴膏 二㌧0 :∴言の ∴〇 ㌧∴や ∴三〇 二二や ’;:∴享釘 ∴二や ;:;謹 言乎 ∴言や ∴章紳 �切 手 ‡ 手 車 �さ さ’ 奪 夢二三 を 率 薫 年 率 了言 争 �3.2 �【NR　,　　綿.9l 
On Cad重tlium � ����NR 23.7 8.7 �【NR,12.51 置NR,　う8.91 

C狐〇品 � �����置　NR　,　　20.8l 

C血omium � ����41.7 �【NR　,　　67.事】 

Copp頃 � ����69.0 �[00.0　,　　7う.9】 

I調n � ����27.0 �【NR　,　　47.2】 

し∞d � ����41.8 �【NR　,　　72.Ol 

M製叩eSiu血 � ����8.7 �【NR　,　　349I 

M紬g調節c � ����3う.8 �17.6　　,　　　50.0 

Me鵬Ⅲy � ����NR �【NR　,　　　8.= 

Nickel � ����14.う �【NR　,　　52.7】 

Potassium � ����う7.0 �【43.1　,　　67.事〕 

Scleni関れ � ����47.2 �[NR　,　　姉.= 

S組ver � ����NR �【N鼠　,　　63.9] 

湘um � ����NR 74.6 �[NR　,　　　7.81 

Z血○○ ������置　倣.4　,　　79.6I 

Te轟aryTIeatmentanflunt=PPI,E鋤nent=CIE) 

A購e壷c ��;∵丸002’ ���37.2 �I　NR　,　83.2I 

BくけOn � �∴の.事的 ���11.う �[　NR　,　27.う] 

Cadmiu皿 � �∴∴匂.oO書. ���NR �[　N良　,　飾.31 

Calcium � �三三詰まる0ま; ���94.4 �置　　90.4　,　96.7I 

C血um � �∴:〇、00シ ���78.う �置　　紳.7　,　紗.61 

Copper � �二六・如け ���42.0 �置　19.3　,　う8.31 

Ⅱon � �:享:;:請03 ��ダ �92.2 �[　87.4　,　95.2i 

Le種d � �∴0. �むま’ ��81.7 �〔　う9.重　,　91.8I 

Magnesium � �∴∴lこ6宣6 ���94.0 �〇　　秒.0　;　96.8】 

M狐阿l∞C � �∴リ.0’章う・ ���75.7 �[　63.7　,　鑓.8】 

M釘cuy � �霊;三雄00尊 ���7.4 �【　NR　,　23.= 

Nickel � �;∴0.脚4 ���72.2 �【　49.4　,　84.7] 

Po(連鵜ium � �:∴寄タl ��ま �81.0 �l　68.8　,　謡.う] 

Seleni軸m � �∴∴’∴(職場 ��吏三 �NR �I　NR　,　63.7] 

S組ver � �;三言蛾的な ���33.1 �[　N良　,　8う.8] 

S(畑h血 � �:;丁子i工事48: ���91.3 �[　8う.8　,　94.7] 

盆nc ��∴‥子俄的震 ���6事.2 �[　純.3　,　7う.7】 

En血rePl紬直(In血ent=RAWE皿uent=C重電) 

A隠e正c ��㍉∵霊 �{喧 郭 的宣’ 6○○: 鈎全 町 や 同量, ‡手 早: 議 場: 鱒争 禦掌 る缶 ��38.1 �[　NR　,　馳.21 

Bの調n � ����12.う �[　NR　,　28.2I 

Ca心血um � ����28.7 �I　37.1　,　76.8I 

C血ふu調 � ����94.7 �[　9l.0　,　96.8】 

C血o皿ium � ����89.2 �[　購.9　,臆　94.う〕 

Cop重鳩r � ����83.6 �[　職工6　,　87.5] 

I調n � ����9う.1 �【　92.7　,　96.8] 

L∞d � ����89.2 �【　〃.l　,　94.91 

M縫いeSium � ����94.6 �【　9l.4　,　96.6I 

M狐昭肌e鵜 � ����84.8 �l　購.9　,　紗.11 

M頃cⅢy � ����17.2 �[　NR　,　榔.OI 

Nickel � ����の.2 �[　6う.2　,　87.6l 

Potassium � ����92.う �[　謡.6　,　93.= 

Sclenium � ����NR �【　NR　,　7う.う】 

S舶 � ����42.9 �【　N京　,　鄭.3】 

So也um � ����91.1 �l　86.0　,　94.3】 

雄nc �����92.3 �【　紗.7　,∴∴94.2】 

No章es: 

(a)Calculatedasl-(G∞metricE組uenUGeonetric血fluenり 

@)Calculatedfrom95%C.I.for(Geome観cE餓uent/Geome観c血fluenり 

NR:NoRemoval(E餌uent>Influent) 

RDF:RotryDiskFilter 

PPI:PackagePl劃‖hfluent 
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●　viru§ Seedin賃Studv: Four virus seeding studies performed on the Aqua ll

Plant indicated a very high virus removai capab描ty. As shown in Table

6, nOne Of the seeded virus (attenuated vaccine strain Poliovirus 2) was

recovered in the final e制uent′ indicating a removal e怖ciency of as great

as eight orclers of magnitude (99.999999%). This removai rate is

COnSide「ably g「eater than that reported in either the Pomona v血s study5

Or山e Monterey study6, Which used f冊ation and chlorination of second-

ary e鮒u飢t but not reve「se 。SmOSis without final disinfection.

Table6 � � 

Viru§RemovaIE術ciencyoftheAquallWaterReciamationPiant 

Viれ館iれPo軸iE鮒uent �Virusiれ � 

%Viru§ �AW丁 �Pe細centVirus 

RunNumber ��ExpectedaObse事vedReれroVedin �書制ue調書 �Rel調Vald 

(lrfu/し)(pfu/し)　PoI血s �(p血Iし) � 

l � �4.7XlO41.9XlO2　99.6 �NDb �>99.9999 

2 ��9.6Xlα1.2XlO4　87.与 �ND⊂ �>99.99999 

3 � �1.OXlO与　4.OXlO3　96.1 �ND �>99.99999 

4 � �与.6XlO4　3.7XlO3　93.与 �ND �>99.99999 

a. �The皿mberexpectedif同vi雌removaioccurred(basedonしithiumTracer§hrdγ)・ 

b. �ND=ronedetecledin3800Iiters. �� � 

C. �The∝Cu○○e鵬esOfO.2pくけしinthissamplewasduetocro綿contamimtion. 

d. �Calc山a書ion �based叩ron3800Iitersample. � � 

EpI DEMIOしOGY

The principal purpose of the epidemioIogy component was to develop a base!ine of

Pertinent mo心idity and mortality data for the City of San Diego so that a basis of

COmParison is availabIe if recycling of municipai wastewater becomes a reality. Th「ee

different methods for epidemioIogical monitoring were evaIuated for possible u輔za-

tion should total resource recovery be adopted operationa=y by the City of San Diego.

The health ofthe residentswas evaluated by characte「izingthe repreductive heaIth and

analyzingvital statistics ofSan Diego County. In addition′ a neural tube defects survey

WaS Performed to estab=sh baseline prevaIence rates in Ca看ifomia and in San Diego.

The epidemioIogical component provided baseline data to fac冊ate monitoring fo「

actual health effects萱the city decides to proceed with potable reuse of the type of

treated e制uent studied in this project7.
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