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ABSTRACT

In 1991 and 1992, Environment Canada audited three components
of the sampling program carried out through the Columbia River
Integrated Environmental Monitoring Program (CRIEMP) 1991-93, to
assess the quality of the collected data. These components were
water quality sampling in ambient waters, bed sediment sampling,
and emergent insect (caddisfly) sampling. For each component, a
team from Environment Canada and another team working for CRIEMP
collected their respective samples side by side. The samples of
each party were then analyzed at the laboratories normally used by
this party. Subsamples were also exchanged in the field between
the parties to allow cross-comparisons of sampling and analytical
practices. ' :

This report presents the procedures used by both parties and
the analytical data obtained for these audits. The data generally
show good agreement between CRIEMP and Environment Canada results.
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RESUME

En 1991-1992, Environnement Canada a été chargé de contrdler
trois composantes de l'échantillonnage effectué pour le compte du
programme intégré de surveillance de 1l'environnement du fleuve
Columbia (Columbia River Integrated Environmental Monitoring
Program K - CRIEMP) (1991-1993), afin d'évaluer la gqualité des
données recueillies. Ces composantes étaient la surveillance
continue de la qualité des eaux ambiantes, l1l'échantillonnage des
sédiments de fond, et 1l'échantillonnage des insectes adultes
émergeant du fleuve. Pour chacune de ces composantes, une égquipe
d'Environnement Canada et une équipe travaillant pour le CRIEMP ont
effectué 1l'échantillonnage céte a cote. Les échantillons de chaque
- partie ont ensuite été analysés par les laboratoires normalement
utilisés par cette partie. Les deux parties ont aussi échangé des
portions d'échantillons sur le terrain pour comparer leurs méthodes
d'échantillonnage et d'analyse.

Le présent rapport compare les procédures utilisées et les
résultats obtenus par chaque partie pour chacune des composantes.
En général, les résultats d'Environnement Canada et du CRIEMP sont
semblables.
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INTRODUCTION

The Columbia River Integrated Environmental Monitoring
Program, 1991-1993 (CRIEMP 1991-1993) was implemented in the
Columbia River from the Hugh Keenleyside Dam to the International
Boundary from September 1991 to March 1993, The program was
supported by three levels of government (federal, provincial and
municipal) and by industry (BC Hydro, Celgar Pulp Company and
Cominco) to integrate their individual monitoring requirements into
a common program.

Sampling for the different components of this program was
conducted by several CRIEMP parties and a consultant; the samples
were analyzed at private laboratories. To enhance the credibility
of the data from these diverse sources, Environment Canada audited
three components of the program to provide independent measures for
these components, in terms of sampling and analysis. Environment
Canada has previous experience in sampling environmental media for
contaminant analysis.

Sampling for water quality was audited in November 1991;
sampling for emergent insects, in July 1992; and sampling for bed
sediments, in September 1992. For all three audits, EC staff took
samples side by side with the CRIEMP routine collectors (for water
quality) or with the CRIEMP consultants (for emergent insects and
bed sediments).

This report presents the results of these three audits. Each
audit is presented in its own chapter.



CHAPTER 1

WATER QUALITY SAMPLING AUDIT

I. INTRODUCTION

The water quality monitoring component of CRIEMP 1991-1993 was
conducted from September 1991 to October 1992. CRIEMP staff
collected water samples at six stations at a frequency varying from
weekly to bimonthly, depending on the station and variable. CRIEMP
collected water samples at two of the stations (Birchbank and
Waneta) according to the methods used for water quality sampling
under the Canada-British Columbia Water Quality Monitoring
Agreement ("federal-provincial methods"). At the remaining four
stations, CRIEMP sampling was conducted according to methods
followed by the British Columbla Ministry of Environment, Lands and
Parks (BCELP).

As part of the gquality assurance for the water quality
monitoring, Environment Canada (EC) conducted a field sampling and
analytical audit on November 26, 1991 at three of the six CRIEMP
sampling stations. On that date, CRIEMP staff sampled all three
stations using BCELP sampling and analytical methods, as well as
the federal-provincial methods. EC staff conducted the audit by
taking water samples side by side with the routine CRIEMP water
collectors.

Results of this audit are presented below. Methods used and
analytical results obtained by EC will be compared to those of the
routine CRIEMP monitoring.

II. SAMPLING SITES

The three CRIEMP water quality sampling sites audited by
Environment Canada on November 26, 1991 are shown on Figure 1-1 and
are described in Table 1-1.
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LOCATIONS OF CRIEMP-WATEFI QUALITY SAMPLING STATIONS AUDITED ON NOVEMBER 26, 1991

TABLE 1-1

CRIEMP Station Station Land
Station # Name Location Access
-1 H. K. DAM Left bank of the Via Broadwater
Columbia River Columbia River, Road and a
below the Hugh 0.8 km below secondary road
Keenleyside Dam the.dam about 1 km
downstream of
the dam
Lat. 49°20'32" N
Long. 117°45'58" W
-4 CASTLEGAR Right bank, near At the eastern end
Columbia River downtown Castlegar of Third Street in
upstream of Castlegar, viaa
Kootenay River secondary street
- to the North
Lat. 49°19'37" N :
Long. 117°39'13* W
V-3 WANETA Left bank, 0.4 km West side of
Columbia River upstream of the Highway 22A,
at Waneta Pend d’'Oreille by the Cominco
- River confluence, monitoring station
at the federal/
provincial water
quality station

Lat. 49°00'34" N
Long. 117°36’47" W




III. METHODS
A) Field sampling

At each station, sampling was conducted from a river boat.
Samples were collected from the upstream side of the boat and, as
much as possible, upwind of the exhaust.

Water samples were taken as simultaneously as possible by EC
and CRIEMP collectors working side by side. Figure 1-2 presents a
schematic of the collection/analytical methods used for the audit.
At each station, EC staff collected three replicate samples for all
variables, except total chlorinated phenols, for which one sample
per station was collected.

CRIEMP collectors measured water pH in the field with a hand-
held pH meter. EC staff did not do so.

For this sampling, the CRIEMP collectors took samples at all
three stations for general variables and nutrients using BCELP
methods. Single samples were collected below the Hugh Keenleyside
Dam ("H.K. Dam") and at Castlegar, and triplicate samples were
collected at Waneta. At Waneta only, CRIEMP collectors also took
triplicate samples for heavy metals analysis using the BCELP
methods. Samples for metals were routinely collected at the other
two stations once every two months. Due to a communication
problem, the audit was not conducted on a day when samples for
metals were taken at these stations.

For this sampling, the CRIEMP collectors also took samples for
all variables (except chlorinated phenols) at all three stations
using the federal-provincial methods. At each station, triplicate
samples were taken for general variables and metals, and nine
replicate samples were taken for nutrients.

Table 1-2 describes the pre-trip preparation of the sampling
bottles. It also compares the procedures used by EC and CRIEMP for
sample collection and preservation.

Field blanks were taken by EC and CRIEMP. They were made by
filling sample bottles with distilled water in the laboratory
before the trip. These bottles were taken to the sampling stations
and handled exactly as sample bottles, short of filling them with
river water. EC analyzed from one to three field blanks for all
variables (except colour) at each station. CRIEMP analyzed single
blanks for most variables at the H.K. Dam and at Waneta.

EC field staff also made laboratory blanks before the sampling
trip for all variables except colour. These blanks were prepared
as the field blanks, but remained in the laboratory.



— . ) R ek, . o - . - i — . | S ] L - T




sa|i0q Bujdwes [2)eA08 PjoY 0} peuljsep oWl (998 §S9|UEIS PUR DA 'ofioe ue ejdwes eidiny (1)

@IN0Y Z2 UJYYM pesAau Biem puR ‘YRP PUB pioo jday
oiom widwes oy ‘peddese) pue pajjy siem mjlog
oy pum ‘Yo UexE] siem sded ey peay eyl uj e3u0
poesw) Apnojaeid) (1) Jejdwes ejdjynw v oju| peow|d
BIBM P0G SYL ‘S|I0q eS8l IO Pesn ssewm sdud
PoU||-Loye) "Jejam POS|UD|Sp M pesull pus deos
eoy—omydsoyd yym peysTm Leeq PRY Yojym seiHoq
s59|0 ojuo|jjecioq U O U pelejjod elem sejdweg

‘(9A0quE @es) 89|qUIA [RISUSD OLj FY
ejdwes sWes G WO PesAEUE 0I0M 89|qUIEA 8894

‘8INOY 2/ UM pesiuun aiem

se|dwes |y *)ep puw ploo jdey ose ejem sejdwee
PRI —P|oY, 980U L "SIBIYY BL) LAIM BRI} 98I
PesUl USSQ PUY YO|YM G[110Q W O © OJU| PeISlY SuM
ojdwes oy] ‘o|dwes euo AU jo) pesn em Jy yIe3
‘seBujike suefdoidijod peysem—p|oe o) pe|dnoo
‘{1018m pesjuojep u| peyros—eid) weyy ejwjeow
950|n||82 82)s siod wn g'0 Bujumuos sieploy jeyy
spuoqeakjod peysem —pjow oj1ojyooIpAy jo pajsisuod
yoiym 5y Buieyy YBnosy esneseid Jepun peieyy
ojom sojdwes ey "UO[IDR||0D O INOY SUO LjYM

Kiopmioqu) e|(qow ey) uj passjy eiew (1w 0ot} sedwes

Peiejlj—Ploy, Oyl "HIUP PUR P03 1dey siem sejduas
Posajyun,) WS[}OG TW OF PYL "ISJIM JBAY Yijm

B0 L[} PRI PesU|l eiem sdud 8] "pejy pue WA By U
oWl 8.y} pesul '(1eA) By U| eouo pesuy Ajsnojaesd
(1) 1ojduwres sidiynw w oju| pede|d elem sajiaq By
‘sR{yoq BEOL Joj pREn Biow 8dEd POU||-LUOYS] ‘lejEm
posjuojep Yl pesupl pue deos eely—emydsoyd ym
PoysEM Useq PRY Yojym siioq swe|l emojjisoioq

U 00} PUW OF U] POIDE|I0D BidM B9 1M

'MINOY ZL Ul pesi[eus @1am pus ‘ymp

pun pjoa jdey esem sejdwus ey} ‘pedduoes ey 'peii
SIGM WIOQ SYL “HO LSXE] iam SdBD BUY) pue (1eA)
oY) uj eouo pesul Ajsnojaeid) Jejdwes ejdjynu @ o
poow|d eiom S{NOQ BY) “I8jEM PES|UCIEP YlM pesull
ueLy 'deos yym PeysEM USIQ PRY YIJYM SB[H0q
sefigedjod Jw 004 Ul Pe109]|0d eiem sejdweg

"(eA0qu es) S9|qE|RA [RIGUSD i) BB
o|dwus owWes 8y WO PIsARUR IOM SO|qURA BSOY |

*wnoy2z lgm pesipue

oiow seidwes ||y P puw pjod jde) o slem
so(dies Possyy—Ploy. SESY | "sTRIY S Yim sew)}
9917 POALY USR] PR YOYm S1NOG TW 00} B 0Ju)
pesnod sem ejriyy Yous "ejdwes Youe JOj PeNn saM
Joyy mou y “yEey pue [suuny Buieyy ss9|0 peysem
~pjo® snydine Bujen * (pjow opojys01pAY A/A %170 Ul
peywos—oid) meyy eW|e0W 880|nj|82 62|98 910d WNCH'0
YBnoJ wnnowa Jepun pasyy eiem sejdwes esey]
"UOJI99(I93 JO INOY SO LIYYM Al0TRIOqE] B[[GOW By U]
poIRy elom (s9pi0q W 002) s|dwes peIsyy~—pioy,
oyl “¥mp pue pjodjdey esem (se|dwes ,peieyyun,)
S2[100Q W Q0L YL "IS1RM SN M S3W]) 891l
pesu aiem sdes eyl "Pefly pu "eAl ey) U eIty
soiy) pesu ' jlaal oy) U esuoc pesu Ajsnoaeid)

(1) 19jdwes sjdynw = oju| peowid eiem sejloq Oy L
‘1ejam pRBjUO|P Yim pesul vey) pua deos

L poyseMm USRq PEY Yojum seioq susihgediod

4

W 002 puUR W 001 Uj PRI29)I03 B18Mm Bay )

|2eds ueBonN

"SINOY ZL Ujyim

posApue siom pum ‘Yiep pua pjoo jdey siem sejdwes
oyy ‘peddueses pus '(Bujsuls inoyum) pejy ‘(iea

yi uj eauo pesup Aisnopeid) (1) Je|dwes eydiynu

% OJuj Ind eiewm SO{jOq BU] "JOJEM PO UDIEP Ylm
pesy pue deos yym peysem usaq pEY Yojum sa|yoq
suejAyediod (W 00§ U PeI29)02 viem sedweg

‘oW Hd piey—puey e yym eys uo

peinseew sEm Hd BY| ‘SINOYZL UM posiaue sem
pue ‘ymep pue pjodjdey sem sjdwes ey) ‘peddudes
ueLp "pajiy jun puey Aq pebiewqns sem ejioq By |
‘Bug opseyd @ U] 8| puB peAO WSS FRM dEd 9jNOg By
‘seaolB opseid elom yuis Bujdweg ‘1ejem pesuojep
Yim pesul weq pRY IRy sjRoq susif pekiod

1Zpey 105 e10m so|dwWeg

MaU u| pe}

'sinoy 22 Yjyym peshmue siem ssjdwes

oy] “¥rep pum pjod jdey pue paddudel eiem sejloq
BY[ “I0JEM JOA| WM SBW() 001l PesW) Biem sdud
®UL PRl puR BNl BY) U] saW) eaiy pesup ‘(ieay
84) u) ®oU0 pesup Aisnopesd) (1) sejdwes eydynw

© 0ju| pedeid S10m S9[10] BY | “187EM PAEUOIED YYM
pesu pum duos Yijm POYSEM LS PRY Y|yM se[noq
suejAygedjod W 00S Ul pe28|I00 elem Sedwes

(suoj 1ofew puw
so|qujiuA [mojEiyd)
S9|qUIIEA [RIBUGE)

SOy ROUIADId ~[BI8p ) DUISH dNEIHO

SpoLpell 4508 Bujsn JW31HD

SPOLe LW BPRURD JUSLIUOIJAUS

B9|qRIEA

Liany ONNdWYS ALMYND HILYM L1661 ‘92 HIGWIAON IHL HOJ dWIIHO ANV YOVNYO INIWNOHIANI A8 03SN SOOHLIW DNMdWYS 2-| F18V1



ejioq ejBujs v pjoy o) peubjsep eweij jeeis u ejdwes swwly (2)

saioq Bujdwes [eAes pjoy o) paubjsep BWEI) [9818 SSE|U[EIE PUB DA 'apk19e e Lejdwe s ejdiink (1)

*ejqissod

sa Apjonb su pesdEue pus SAXY 0] juee 'sxaud 83
yum Buow iej0oo ® u|jdey sem o|dwes ey ‘peddeses
usy ‘pej|)) nun puey Aq pebiswqns sem ejioq oYL
‘Beq ofisu|d © uj 48| pus paso WSl Sum ded 8jHOq By L
‘Bujdwes ueym seac|B ojjee|d elom yais Bujidwes

‘D{9eMm 0. U peshieus

esom sojdwes ay| ‘peddeses puw (sumiyewaio|pip
Yim pejosaxe Ajsnopeid — A/A %08) pIo@ 2pnydine
10 Ju g yym perreseid sem epdwes you3 “JejEm

10A] (M SO 00y PesUy elem sdes ey ‘pelll) pue
"JOAL BY| U] SO eeuy) PeBU (el 1) U) #2UC peBujl
Asnojaeud) (2) se(dwee swely v oju) ind sum ejuoq

'sanoy g Joj DBep 0GE W PeXEQ PUR JejEM Pe§ LD|EP

oy) § pUB P|a% ollU '1ueBmiep WM (18yid

im posu)l qusBisiep B Yipa peysem Leeq paY Yojym | 8jBR3) IimdwnuBW ol A PeYsEM USR] PEY YOJUM (L)
euop jou sejyoq ss9jD Jeque 7 ¥ U] PRIO8}I09 suem sejdweg s9jnoq 858|8 Jeque 7 | U] Pe}oe)joo eiem sejdweg | siousyd pewupolyD
‘yluow w uppm pesiEun sam ejdwes sy) ‘peddese;
FRM 8[HOq 8Y] PUT 9AOQE PRq|IOSP SUD[INIOS "UOW B Uiyim
*LHUO W ® VjyYM peskipus eiom sejdwes oy) oyl Yim poasesad sem ejdwes sy ‘pajjy Iun |  pesieun Biem Bej oY) pedduoel eiem s9j0q
tpedduce) eiem seji0q oy pue (ewoiyslp wnsswod | puwy Aq peBiewans sem eRoq ey ‘Beq opemid ¥ U| oy pue ‘(e wospp wnissejod A/M %S 2~ P[2e
AM%§'Z — PIo® 5pnyd|ns A/A %0S) SAIRAIRERId | 49| pus pesowwes sum ded eog YL Buidwes usym | aunYdine A/A %08) eARRAIRSeId AinoIep jO TW 2 Yim
Ainasepy jo Jw 2 Yym pealesesd sam ojdwes saa0)8 sjisud esom s Bujdwes “ema sswil (W @ poaeseid sum a{dWEs YOUT 101EM JBA| YiiW Saw))
Yo ‘pejjj 0J0M S9[ROQ Yl PUY 4O USR] BieM 6D | - PEYFEM —PIoB SUIU U PELEILOS BIeMm (piow dunydine @01y} PosLY siewm sdwo 8y “pajj| pue "BW| sely
oy ‘oA ey uj eouc pesuy Ajncjaeid) (1) Jejdwes PomIUeOUO2 JO W § PUR SR WOIYolp wnieseiod |pesuy ‘ (el ay) u) 93u0 pesu Ajsnoerd) (1) sejdwes
1&....:5-25 nd elem s9Oq B8AY] "1eJEM Pe§UO[ep AM %01 J0 1w g) seajeasesed ay) ‘euuxey bidiynw » 0ju| Ind eiem S9[11OG 98eY] 'lejeMm peguojep
M PRSU(T PUE PIOF OIY{U U] peyROa 'Iejum pe s uojep pu jojm peguDIep 'PIoB SjU 'JueBISISP YiM | LM POSU PUB P|oB DU U| POYROS 'i8fem PO § Uojep
yym pesuy 'deos yym peysem Leeq pey Yaym | (1eyod sjBe3) seinognuew eyl Aq peysem useq pey Wi pesuy 'du0 s UM peysEM UaSG PRY Yojym
#0{130q UOje] W 001 U] PRII8jj0D sitm sejdwig Y9)ym s[Noq 8Ew|B 7 | U PRjoSjoo eiem sejdweg #9|HOq UOYSL W 001 Y| Pe1oe|jod eiem sejdweg Anoseyy @0t
'luow ¥ ujym pesi[EuUe @1em pue
"YIUoW ¥ ujym pesijuue eiem pue 'Wmp pum ploo jdey eiem sejdwes ey ‘sejN0q 9 UO
'sep puw pjod jdey elem sejdwes ey ‘peddeses vey 3ouq jnd puR 1ejem JeAl YIiM S9LW|] 28I POSU Blem
‘el 01om S110q 8y} pUB O LSE] Siem BdED BYL sduo ey) ‘pejiy PuB ‘Al BY) U) BSWR BRIY] PEsUY
“(1eAp oLy u) @ou0 pesup Aisrojaesd) sejdwes spdynuw '(1ea 94 U) @3U0 pasuy Ajsnojaesd) sejdwes ejdiynw
2 0Ju} ind @10M 83(110Q 95OY ) JSJEM PO §LOIBP M ®oju| {nd 8Jom E9[}10Q BEOY| 'IGJBM PEFLOISP YiM
pesu! pue duos Yim poysem uaaq Pe | Yojym sejHoq ‘(oaoqe eos) sIBl [M10L O 58 | pesuy pue dBoE Yipm PeyTRM UBeq PRY YIIYm 910G (r=301)
suejdipehiod W GZ1 uj PeIoeO2 oM sejdweg | S|dwes SWES ALY WOl PESAEUR BIGM SHIGR|/BA BEBYL euejAediod qw gZ| V| PeI8|0D elem sojdweg |  WHjUS|Rg/DjUBSIY
YUoW ¥ UM peshieun sem
ejdwus ey| ‘peddesss sem o0 Sy PUR PIPPE FBM .
. uow ¥ Uyim | eamasesaid eyl “peqy jun puey Aq peBiewqns sem "UO W B UjYYm pesiieun alem se|dwes ay)
posAun esom sojdwes ey paddesas eiem se|loq eiiioq ey ‘Buqg opee|d w U| YO PUR PRAOWE] FEM ‘ploe P U %0G JO W 2 YUM poatesaid sem sjdwes
Y} pUB PSPPE BIBM [S[B|A POYSEM ~PjOD U pjoR duo ejjoq ey) “seao|B opseid eiom yujs Buydweg You3 ‘JOIEM JOA LM SBW(] G0y Pesul siem sded
DUNU %0 jo edwes sad w 2) saajjearsseld eyL “peily ‘piow 2jnju pwIB mopARUE jO W 2 POUEILOD [BjA oyj "Peli) PuR "l By} U] SSW) 9eiy) pesul '(ieAl
puR {18l oY) U} 82U pasu) Ajsnoiaeid) (1) Jedwes |  Yowe uousZ Aq peysem —pjoe Laeq pey (W §) sfEjA ®y} uj 8ouo pesuy Kjsnopeld) (i) sejdwes ejdynw
pidjnw W oju] Ind @iem SB[IOq BSEY) ‘I1ejem peguojep |858|B eaeesald BY) ‘IBIRM PES|LOIGP PUR PIOB YU ® 0l peoe|d eiem RIOG BS0Y] "J8JEM PO S UDjEp
M POSU]I PUR PR DU U] pe) RS 1ejum paguojep | ‘duos m (Ajddng Bujdweg EiLewuoljAu3) Jefddns | LM Pesul puB pjov Djijju U] PeyBOE 'I8jeMm P8 §LOjap
Yi posLy ‘deo s Yy POYSIM USeq PEY Yojym sapIoq | eyl Aq peysem ueeq puy Yojym sefioq eusikediod | yim pesyy 'deos yim peysem useq paY Y2jym Smoq
sueiAgekiod Jw 00gG | Pe126[j0o Blem sejdweg Aysuep yBijy W 05Z V) PI28|103 Blam sajdweg (Agekiod W 00G Ul P129)|0d Bem s9|dwes sjmew [8j0
spoyew [epusid—-wiepe) Buisn JW3IHD SpOUall 4 1308 Bujsn JW3IHO SpOipelll EpBUES JUeWUCjAUT S8|qE/EA
(0.1NOD) 2-1 3181
A 1 I 1 | LY { i 1 I 4 | \ {




10

B) Analytical methods

Samples taken by EC collectors, as well as the samples taken
by CRIEMP collectors using federal-provincial methods, were
analyzed at the EC laboratories. General variables and nutrients
were analyzed at the Pacific and Yukon Region Conservation and
Protection Laboratory in West Vancouver, B.C., according to methods
described in Environment Canada (1979-1981) and some unpublished
updated methods. Heavy metals and total chlorinated phenols were
analyzed at the National Laboratory for Environmental Testing
(NLET) in Burlington, Ontario, using some unpublished methods
listed in the ENVIRODAT Provisional Dictionary of Codes (1993).

CRIEMP samples collected using the BCELP methods were analyzed
at Zenon and AXYS laboratories, located respectively in Burnaby and
Saanich, B.C. General variables, nutrients and heavy metals were
analyzed by Zenon according to methods described in Zenon (1976)
and unpublished updated methods. Total chlorinated phenols were
analyzed at AXYS according to methods summarised in Baturin (1993).

Table 1-3 presents the analytical methods and the detection
limits used for general variables, nutrients and metals by the EC
and Zenon laboratories.
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TABLE 1-3 ANALYTICAL METHODS AND DETECTION LIMITS USED FOR THE ENVIRONMENT CANADA AND
CRIEMP WATER SAMPLES FOR THE NOVEMBER 26, 1991 WATER QUALITY SAMPLING AUDIT

Environment Canada CRIEMF-ZENON
Variable NAQUADAT] Detection Zenon Detection
Code Method limit Unit Number Method limit Unit

General Variables
Alkalinity (total) 10101 EL—pH4.5 0.5 mg CaCO3 /L | 1020101 El.-pH4.5 05 mg CaCO3 /L
Chioride—dissolved 17206 Autoanal. 0.2 mg/L 1041702 Autoanal. 0.5 mg/L
Colour (apparent) 02011 Visual - - 0010101 Visual 1 Col. unit
Colour (true) not done -= - - 0022101 Visual 5 Col. unit
Colour (TAC) not done - - - 0241701 Spectro. 1 TAC unit
Conductivity 02041 Meter 2 uSfem 0110101 Meter 1 usSfem
Calcium ~total - ICP 0.1 mg/L - ICP 0.02 mg/L
Magnesium —total - ICP 0.1 mg/L i ICP 0.02 mg/L
Sodium—total - ICP 0.1 mg/L - IcP 0.5 mg/L
Silicon—total = ICP 0.05 mg/L 1201702 Silica 0.2 mg Sio2 /L
Potassium —total 19105 ICP 0.01 mg/L 2641703 Autoanal. 0.1 mg/L
Hardness —cal'd 10602 ICP 0.4 mg CaCO3/Lj| -~ ICP 0.1 mg CaCO3 /L
pH 10301 Meter -- - 0040101 Meter - -
Sulphate = Autoanal. 0.5 mg/L - Autoanal, 1.0 mg/L
Nutrients
Ammonia 07555 Autoanal. 0.002 mg N /L 1081704 | Autoanal. 0.005 mg N /L
Nitrate/Nitrite 07110 Autcanal. 0.002 mg N /L 1091703 Autoanal. 0.02 mg N /L
Total dissolved N 07655 Autoanal. 0.02 mgN/L not done - —— -
Total N (measured) 07655 Autoanal. 0.02 mg N /L not done - - —
Total N (computed) not done - - - 1130105 Autoanal. 0.04 mg N/L

plus

1091703 Autoanal. 0.02 mg N /L
Ortho—Phosphorus 15256 Autoanal. 0.002 mg P /L 1181703 | Autoanal. 0.003 mg P /L
Total Phosphorus 15406 Autoanal. 0.002 mg P /L 1190103 Autoanal. 0.003 mg P /L
Total dissolved P 15102 Autoanal. 0.002 mg P /L 1191703 - | Autoanal. 0.003 mg P/L
Total Heavy Metals
Aluminum 13009 ICP 0.002 mg/L - ICP 0.02 mg/L
Barium 56009 iCP 0.0002 mg/L - ICP 0.001 mg/L
Beryllium 04010 ICP 0.05 ugiL - not done
Cadmium 48009 ICP 0.0001 mg/L - GFAA 0.0005 mg/L
Cobah 27009 ICP 0.0001 mg/L - ICP 0.003 mg/L
Chromium 24009 IC P 0.0002 mg/L - ICP 0.002 mg/fL
Copper 29009 IcP 0.0002 mg/L - ICP 0.001 mg/L
Iron 26009 ICP 0.002 mg/L - ICP . 0.003 mg/L
Lithium 03009 ICP 0.0001 mg/L - not done mg/L
Manganese 25010 ICP 0.0001 mg/L - ICP (0.001-0.002)| mg/L
Molybdenum 42009 icpP 0.0001 mg/L - ICP 0.004 mg/L
Nickel 28009 ICP 0.0002 mg/L - Icp 0.008 mg/L
Lead 82009 Icp 0.0002 mg/L i 18 GFAAS 0.001 mg/L
Strontium 38009 ICP 0.0001 mg/L - not done mg/L
Vanadium 23009 icp 0.0001 - | mg/L - ICP 0.003 mg/L
Zinc 30009 icp 0.0002 mg/L - ICP 0.002 mg/L
Arsenic 33008 ICP 0.0001 mg/L - Hydr. ICP 0.001 mg/L
Selenium 34008 ICP 0.0001 mg/L - Hydr. ICP 0.03 mg/L
Mercury 80011 CV.ICP 0.01 Hg/L == C.V. AAS 0.05 pg/L
Thallium gose IcP 0.002 mg/L = ICP 0.003 mg/L

C.V.; Cold Vapour

C.V.: Cold Vapour
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IV. RESULTS AND DISCUSSION

A) Blanks

Table 1-4 presents the analytical results from the laboratory
and field blanks. The laboratory blanks were prepared and analyzed
by Environment Canada (EC) only. Both EC and CRIEMP prepared and
analyzed field blanks. -

The results of the EC laboratory blanks suggest some slight
contamination for total nitrogen and some metals (aluminum, cobalt,
iron, molybdenum and nickel). Either the deionised water or the
sampling bottles (or both) could be the source of this problemn.
Except for nickel and iron, the concentrations detected in the
bottles were well below levels measured in the environmental
samples. For nickel and iron, the measured levels of contamination
would affect the environmental results.

Data for the EC field blanks suggest some slight contamination
for sulphate, ammonia, nitrate/nitrite, total nitrogen, ortho-
phosphorus, total dissolved phosphorus, aluminum, barium, cadmium,
cobalt, iron, manganese, nickel and arsenic. However, most values
measured in EC field blanks for nitrogen and heavy metals were
lower than the Zenon detection limits for these variables.

The CRIEMP field blanks for General Variables showed some
contamination for conductivity, alkalinity and sulphate. This may
be a reflection of the bottle preparation. The bottles used by
CRIEMP for General Variables were not washed with soap prior to
sampling, but were simply rinsed with deionised water. The CRIEMP
field blanks for copper and mercury also showed some contamination.

In general, the levels in the field blanks for CRIEMP and EC
were lower than in the environmental samples. Notable exceptions
were some EC measurements for ortho-phosphorus, total dissolved
phosphorus, iron, nickel and arsenic, and some CRIEMP measurements
for copper and mercury.

B) Field samples

Table 1-5 presents the data for all variables, and Table 1-6
presents qualitative comparisons between the sampling/analytical
methods. These comparisons were not done by statistical methods,
due to the small data sets for most variables.

Of the three audited stations, Waneta was sampled most
completely. At Waneta, all three sampling methods (CRIEMP sampling



TABLE 1-4 RESULTS OF LABORATORY BLANKS FOR ENVIRONMENT CANADA (EC) AND FIELD BLANKS FOR EC AND CRIEMP

FOR THE NOVEMBER 26, 1991 WATER QUALITY SAMPLING AUDIT

A) GENERAL VARIABLES

Field blanks
EC
laboratory
Variable blank Location EC BCELP
pH
(laboratory) 5.70 H. K. Dam 578
Castiegar 558
Waneta 5.87 72
578
- jcoNDUCTIVITY
uSfem <2 H. K. Dam <2 2
Castiegar <2
Waneta <2 2
<2
COLOUR (TAC)
Rel. uniks H. K. Dam <1
Castiegar
Waneta 2
ALKALINITY
mg CaCO3 L <0.5 H. K. Dam <05 18
Castiegar <05
Waneta <05 18
<05
CALCIUM~d
mg/L <0.1 H. K. Dam <0.1
Castiegar <0.1
Waneta <0.1 <0.02
<0.1
MAGNESIUM-d
mg/L <0.1 H. K. Dam <0.1
Castiegar <0.1
Waneta <0.1 <0.02
<0.1

Field blanks
EC
laboratory CRIEMP
 Variable blank Location EC BCELP
HARDNESS —cal.
mgCaCO3 L <0.4 H. K. Dam <0.4
Castiegar <0.4
Waneta <04 <0.1
<04
CHLORIDE .
mg/l <0.2 H. K. Dam <0.2 <0.5
Castiegar <02
Waneta <02 <05
<02
HEO[I‘UH—-:I
mglL <0.1 H.K.Dam | <0.1 <05
Castegar <0.1
Waneta <0.1 <05
_ <0.1
POTASSIUM~d
molL <0.01 H.K.Dam | <0.01 <0.1
Castiegar <0.01
Waneta <0.01 <0.1
<0.01
SULPHATE
mg/ll <05 H. K. Dam <05 1
Castlegar o8
Waneta <05 <1
<0.5
SILICON
mglL <0.08 H. K. Dam <0.05 <02 =
Castiegar <0.05
Waneta <0.05 <02 *
<0.05
* Zenon measured reactive silica — the CRIEMP—-BCELP values were
readjusted to SILCON by multiplying the reactive silica data by (26/80)




TABLE 1-4 (CONTD)

B) NUTRIENTS
" Field blanks
EC
laboratory
Variable blank Location EC BCELP
AMMONIA
mgNA <0.002 H.K. Dam <0.002
fitered 0.004
samples <0.002
H.K. Dam <0.002 <0.005
unfitered 0.002
sampies 0.004
<0.002
filtered <0.002
sampies <0.002
Castegar <0.002
unfitered <0.002
samples <0.002
Waneta <0.002
fitered «<0.002
sampies <0.002
Waneta <0.002 <0.005
unfitered <0.002
samples <0.002
NO2/NO3
mgN AL <0.002 H.K. Dam <0.002
fitered 0.005
samples <0.002
H.K. Dam 0.007 <0.02
unfitered <0.002
samples <0.002
Castiegar 0.002
fitered <0.002
samples <0.002
Castlegar <0.002
unfitered 0.002
samples <0.002
Waneta <0.002
fitered <0.002
samples <0.002
Waneta <0.002 <0.02
unfitered <0.002
samples 0.003
™
mgN /L 0.04 H.K. Dam <0.02
fittered 0.04
samples <0.02
H.K. Dam 0.04 <0.08
unfitered <0.02
samples <0.02
Castlegar <0.02
fitered <0.02
samples <0.02
Castiegar <0.02
unfitered <0.02
samples <0.02
Waneta 0.02
fikered <0.02
sampies <0.02
Waneta <0.02 <0.08
unfitered <0.02
sam <0.02
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Ortho-P
mgP /A

Nromp

mgP L

mgP /L

Field blanks
EC
lboratory CAIENF |
blank Location EC BCELP
<0.002 H. K. Dam <0.002 <0.003
Station # <0.002
=1 <0.002
0.008
Station # <0.002
-4 <0.002
Waneta <0.002 <0.003
Station # 0.005
-3 <0.002
<0.002 H. K. Dam <0.002 <0.003
Station # <0.002
=1 <0.002
Castiegar <0.002
Station # <0.002
=4 <0.002
Waneta <0.002 <0.003
Station # <0002
v-3 <0.002
<0.002 H. K. Dam <0.002
Station # 0.005
=1 <0.002
Castiegar <0.002
Station # <0.002
-4 <0.002
Waneta <0.002 <0.003
Station # <0.002
V-3 <0.002




TABLE 1-4 (CONTD)

C) METALS
Field blanks
EC
laboratory
Variable blank Location EC BCELP
ALUMINUM=1t
mg/L 0.004 H. K. Dam 0.010
0.011
Castegar 0.020
0.004
Waneta <0.002 «0.02
<0.002
BARIUM -t
mg/L <0.0002 H. K. Dam <0.0002
<0.0002
Castiegar 0.0002
«<0.0002
Waneta <0.0002 <0.001
<0.0002
CADMIUM =t
malL <0.0001 H. K. Dam 0.0001
0.0001
Castlegar <0.0001
0.0001
Waneta <0.0001 <0.0005
<0.0001
COBALT~t
mglL 0.0001 H. K. Dam 0.0001
0.0001
Castiegar 0.0001
0.0001
Wanetn 0.0001 <0.003
0.0001
CHROMIUM -t
mg/L <0.0002 H. K. Dam «<0.0002
<0.0002
Castiegar «<0.0002
<0.0002
Waneta <0.0002 0.003
<0.0002
COPPER-t
mg/L <0.0002 H. K. Dam <0.0002
<0.0002
Castiegar <0.0002
«<0.0002
Wanetn <0.0002 o.001
<0.0002
IRON—1
mg/L 0.0133 H. K. Dam 0.0028
0.0042
Castiegar 0.0059
0.0013
Waneta 0.0180 <0.003
0.0005
MANGANESE-t
mg/L <0.0007 H. K. Dam 0.0001
<0.0001
Castiegar <0.0001
<0.0001
Waneta 0.0001 <0.001
<0.0001

Field blanks
EC
laboratory CHIEMP |
Variabie biank Location EC BCELP
MOLYBDENUM-—
total (mg/L) 0.0001 H. K. Dam <0.0001
<0.0001
Castiegar <0.0001
<0.0001
Wanet <0.0001 <0.004
<0.0001
NICKEL~t
mg/L 0.0004 H. K. Dam 0.0003
0.0004
Castiegar 0.0003
0.0004
Waneta 0.0003 <0.008
0.0003
LEAD—t
mg/L <0.0002 H, K. Dam <0.0002
<0.0002
Castiegar <0.0002
<0.0002
Waneta <0.0002 <0.001
<0.0002 :
VANADIUM—t )
mg/L <0.0001 H. K. Dam <0.0001
<0.0001
Castiegar <0.0001
<0.0001
Waneta <0.0001 <0.003
<0.0001
ZNC -t
mg/L <0.0002 H. K. Dam <0.0002
<0.0002
Castiegar <0.0002
<0.0002
Wanetm <0.0002 <0.002
<0.0002
ARSENIC—t
mgL <0.0001 H. K. Dam 0.0002
<0.0001
Castiegar <0.0001
<0.0001
Waneta <0.0001 <0.001
<0.0001
MERCURY-t
ug/l <0.01 H. K. Dam <0.01
<0.01
Castiegar <0.01
<0.01
Waneta <0.01 0.1
<0.01
THALLIUM~t
mg/L <0.002 H.K, Dam <0.002
<0.002
Castiegar <0.002
<0.002
Waneta <0.002 <0.003
<0.002
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TABLE 1—-5 COMPARISON OF THE DATA OBTAINED BY EC AND CRIEMP FROM THE COLUMBIA RIVER
FOR THE NOVEMBER 26, 1991 WATER QUALITY SAMPLING AUDIT

A) GENERAL VARIABLES

THEWP TREWF THEWP
Varistie Locaten EC BCELP Federai-provncial Variabie Locaton EC BCELP Foderai—provncial
pH Qaboratory)|  (Beld) faboretory) HARDNESS
H. K. Dam 7.87 72 7.09 — -— mg CaCOML H. M Dem s -— 572 - -—
St ¢ 7.7 - r.82 - - {computed Smien & [ -— B84 - -—
[ 7.04 - 7.90 - - -1 (=Y - 93 -- --
Casteger 7.7 73 78 - [*X] e 58 P =
Saton # TR - = - Smgon # 57.8 - 5.8 _— ]
n-4 T — 788 - e -4 7.9 - san - -—
Vanew ™ T2 7.8 —— —~- Venreta [.-2:] s 847 - -
Swion # T 73 797 e R Smiion # "y oe 8.2 ks -
-3 = T3 7.4 iy o N-3 =5 =5 ®as - B
CONDUCTVITY CHLORIDE
uBiem H. K Dem 21 L F] P - - molL H. K. Dam 03 <06 0.3 - -
smiene s | 121 - 121 - - 2 ) 03 - 03 -— -
1 121 - 122 S - -1 03 - 03 -— -
= L F-] 122 - - CarSoger 05 o7 [ 1] - -—
Susaon # 12 - 124 -— -~ Swon ¢ 0B —-— LX) - -
-4 2 e 123 — -~ L] os - 0.8 - S
‘Waneta 136 1 126 - - Warwts a7 o.e 07 - -
L 136 m 34 - - Smton & o7 oe 0.7 g
V=3 136 1= 134 - — V-3 a7 1.0 or - g
TURBDITY SOOUM-d
FTu H. K. Dam — 03 03 - -— moll H. i Dam o7 [} ] [ - -
Smbon F . - 03 - — Suton # o7 —— o7 Sp Rk
=1 2 - 18 - —-— B=1 7 — L% ] e e
Carteger - 03 03 - — Cartoger 1.0 1.4 1.0 —— -
Smton # — - 04 — — Smtan # 1.0 - 1.0 - -
-4 - - 03 - - -4 1.0 - 1.1 - -
Warsts el 0.4 03 - it Warets 11 13 1.2 —-— ——
Sution # - oe o2 - - Smson # 14 1.3 1.2 - e
=3 s o7 o3 -— o N-3 14 1.4 12 e e
COLOUR=APP, > POTASSIUM—d
H, K. Dam - 1 <5 - - ol H.K.Dsm | oO@4 08 073 -= -
Smion @ - - <5 - Smson ¢ 0.8 - a7 -— -
=1 — — <B - B=1 068 — (Y.~ ] - -
e 3 <5 - - A a8s - o8 aTa —-— -
Suten # - - <5 = — Saton # 0.85 — 072 - -
-4 - - <6 - — [ 0.05 - o - -
Vaneta - 3 <6 - - Parws. 0.84 o8 0.88 - —
Smbon # - 2 <5 - - Sascn @ o.e1 08 0.85 -_— -
N-3 - 4 <5 - — -3 0.8 07 o068 - -
ALKALINITY SULPHATE
mg CaCOML H. K. Dam @08 52 “e - - molL H. K. Dam 78 87 82 - -
Swution # @we - 5.7 e - Statan # 17 - a5 - -
=1 408 — s0.0 - _— =1 —— ag e .
503 52 502 S — Castioger 7.0 a9 e - -
Smbian # 488 - 50.8 - - Satan & Lz = as - ——
-4 a8 -— 50.1 o P, h-a an -— as o -
Warwia B4.q 588 B3 - — Wanet (1] 1] 0.2 - —
Suton & 42 6a8 B4 — Swikon # a3 e 74 - o
N=3 Baa sas B0 = -2 a2 0.1 T4 - e
CALCIUM ~d SLI0DN
mglL M. K.Dam 188 - w2 - - mgL H. K Damn 178 17" .75 - -
Suton & 185 - 178 ol — > Smtaon # 178 — 1.80 —-—  n
=1 188 — a7 — —— =1 1.80 = 1.3 - -
Castiognr 173 - 17.4 - - CasSogmr 1.80 1.7 1.78 - -
Swmtion # 172 - 17.4 - - Sason @ 1.57 - 177 -— -
-4 173 —r mr -— - -4 1.8 - 1.8 - —
Wanem 164 180 104 - - Warow 200 8" 08 o= s
Station # 182 182 w2 - e - Engon # 190 20" 2086 = =
=3 185 182 w0 — - N-3 204 19" am - .
MAGNESIUM -d * Zenon meamred reactvy mikcs — Te CREMP —BCELP valuss were
moL M. K. Dam as -- as -- readpated 10 SIICON by mutiplying the reactive silica data by (28/80)
Saton # A5 e a5 -
=1 A5 - s -
ae - s -— - [
Suton # e — as = -
e a8 - AB o 4
Wareta e 417 4.0 - ——
Station # 19 419 e - -
N=3 4.0 415 Ae - —-——
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TABLE 1-5 (CONT'D) 7
B) NUTRENTS
EW - CENF TREWF
Varinhie Locaton EC BCELP Faderal—provncisl Varisble Locaton EC BCELP Feceral- prosneial
AMMONA Orto—P
mgNA H. K. Dam <0.002 - - -— - mgPA H. K Dam <0.002 <0.003 - - -
et <0.002 - - —-— - H Swtan @ <0.002 - — - -
sampies <0.002 — -— — - =1 <0.002 —— - - —-—
H.KDam |<oom |<ooos - - - Castoger <0002 | <0000 - - -
uniitered <0.002 - -— - - Swicn @ <0.002 - - - -
aampies <0.002 — — - - -4 <0002 - _— - i
CarSegar 0.002 — - — -— Venretw 0.002 <0.003 - - -_—
fhered 0.000 - - -— -— Suian # 0002 | <00 - - -
mTples 0.003 - - — - N-3 0.002 <0.003 —_— - —
Caregar 0.006 <0.008 - - —-— Toml P
urdttered 0.002 - - - - mgP L H. K. Dam 0.004 0.003 0.004 0,003 0.004
puceasr iy <0.002 BT L S i Sasan @ 0,000 - 0.008 000 0004
’ =1 <0.002 - 0.002 0,00 .00
Yareim o.os - - — - 0,003 0.003 0.008 0003 0,003
fhered om7 i . —-— - Swion # 0.003 s 0.003 <0.002 0.003
it 0.017 = =% e == v -4 0.004 - 0.003 0.004 0,004
Wanen Q015 0.000 — Ca . et 0.007 0.006 ‘0.008 0008 0.008
uriiitersd ome 0.000 —— - — Sataon # 0.008 0.006 0.008 0.007 0.008
samples 0016 0.007 e - - L V-3 0,008 0,006 0.007 0.006 0.008
NO2NO TP
mg N M. K. Dam 0149 - - - - mgP L H. K. Dam 0.002 <0003 fesir " —
fhered 0182 -— - - — Statan # <0.002 - — = -
samples 0153 — — - - B=1 0.003 e o —_ sn
H.K. Dsm 0.184 0.14 a8t 0187 0180 Casteger | <0002 | <0003 -— = ==
urdiered 0,183 -- 0.158 0158 0180 Swian # <0.002 -- -~ -— -~
¢ samples 0.155 - 0.158 0163 . 0158 n-4 <0.002 - - -- -~
Casteger 0.150 - - i s Wane 0.004 <0003 - -- -~
Shered 0152 -- - - -— Saten ¢ 0,003 <0,000 - - =
sampies 15 - - - - -3 0.004 <0.003 — = —
Castieger 0.160 0.14 0167 0.158 o184
uriiftered 811} - -l 0480 0158 0167
. saTpies 81 -3 - 0157 0.157 0158
m ﬂ,ls - - - -
Sitared 0438 - - - —
samples 0.138 - - -— o=
Waretn 0.138 013 0143 0,143 04T
unditered 0.128 0.13 0.147 0141 oian
'] sapies 0.138 013 o044 0.181 0.145
H. K. Dam 015 S - - —
hered 0.8 - -— - i
saTpies o8 - - -— -—
H. K. Dam L81 ] 018 0.8 ae o2
uniitered 018 - o9 o019 oz
# saTpies 0.8 - 018 o0 o9
Castegar 0.17 - - - -
e 017 -— - - -—
saTpie 017 - - - -
Cartegar 0.1 — 18 o018 0.8
urditersd on - 018 0z [-31 ]
, samples o.18 - LA o1e (31 ]
Warsta 017 — .y -— -
e et 0.18 - - - -
BaTEies o.1s - i -— —
Wanea o018 <017 o.18 019 017
uriitered 018 <017 o9 81 o.18
, 0.18 <0.17 018 0.7 018

# Thres iederal - prowncial water quality sample kits wers colectsd at sach smBon,
E Tree Nivog Tple boties ardd #7ee phosphonus sample botfies.
For ssch variable arxd sach station, dais from ons sampie kit are on the same line,




TABLE 1-5 (CONT'D)

© METALS
Varable Locaton EC BCELP Fed.~prov.
ALUMINUS -1
mo/L H. K. Dam 0.058 - 0.0
Swiion # 0022 - 0.085
=1 0.029 —— LT -
Caregur 0028 — 0.0
Suaton ¢ 0.025 - 0.0t
-4 0.0y - 0.0
Vearets 0.0 0.08 0.0
Smton # 0,033 0.08 0.088
-3 aoe 0.08 0.0
BARIUM -1
maL H. K. Dam 00153 - o158
Smtion # 00150 - 0.0180
-1 0.0168 - 0.0181
0.0157 -t 05T
Swtan @ 0.0181 - 0.0158
-4 0058 - oo
Warets 0.0159 0.019 00189
Saton # .08 ooe 0.0158
=3 o.0mes o.ms 0.0200
CADMIUM -1
maL H. K. Dam 0.0001 - 0.0001
Suteon # 0.0001 —— 0.0001
=1 0.0001 - <0.0001
Cartleger 0.0001 - 0.0001
Smvan # 0,0001 = 0.0001
[ 0.0001 - 0.0001
‘Weretn 0.0002 <0.0005 0.0002
Saton # 0.0002 | <0.0006 0,0002
=3 0.0002 <0.0006 0.0002
COBALT-1
gL M. K. Dam 0.0002 - 0.0001
Smftion # <0.0001 - 10,0002
=1 0.0001 —— 0.0001
Castiogar 0.0002 - 0.0001
Swtion # 0.0007 L by 0.0001
li-4 0.0001 - 0.0001
Warwta 0.,0002 <0.003 0.0002
Saton # 0.0002 <0.003 0.0001
-3 00062 | <0.003 0.0002
CHROMIUM -t
gL H.K.Dam | <0.0002 - <0.0002
L <0.0002 - 0.0020
=1 <0.0002 - «<0.0002
CasBegar <0.0002 - «0.0002
St # <0.0002 -— <0,0002
[ <0,0002 - <0.0002
‘Warsta <0,0002 0.003 <0,0002
Shmtion # <0.0002 0.002 <0,0002
N-3 <0.0002 0.003 <0.0002
COPPER-1
mal H. K. Dam 0.0004 — 0.0008
Saton # 0.0007 — 0.0004
-1 0.0003 - 0.0008
0,0004 - 0.0004
Smton # 0.0004 = 0.0008
-4 10,0003 - 0.0004
Vinre 0.00%2 0,002 0.0018
Statan # 0.0017 0.00 0.0020
V-3 o.0018 0,001 o.0018
FRONH-1
mglL H. K.Dam 0.0210 - 00213
Smaon # D018 -y 0.0314
-1 o8 - o0
0.0208 - o0
Station # o.0212 -— oo
-4 0.0210 - 0.0
Wareia 0.0428 0.062 0,675
Sulion & 00008 0.050 00040
N=-3 00291 0.058 0.7
MANGANE SE —t
mal H. K. Dam 0.0011 —-— 0.0012
Smton & 0.0011 — 0.0011
=1 0.0011 - 00011
0.0021 - 0.0020
Swatan # 0.0029 - 0,002
-4 0.0020 -_— 0.0021
‘Warwts 0.0022 0.003 0.0020
Swtion # 0.0021 0.00) 0.0020
N=-3 0.0021 0.003 0.002)
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CREWP | CREWP |
Variable Locason EC BCELP Fod —prov.
MOLYBDE NUM -1
H. K. Dam 10,0004 - 0.0006
Bmion @ 0.0006 —-— 0.0006
-1 10,0004 - 0.0004
0.0005 — 10.0006
Biwen # 0.0008 e 0.0004
-4 0.0004 — 10,0008
Vhorsea 0.0006 <0.004 0.0006
Smton # 0.0008 | <0.004 0.0008
N-3 0.0008 <0004 0.0006
MOEL-t
mol H. K. Dam 0.0007 -— 0.0007
Bwton ¢ 0.0007 - 0.0007
-1 0.0006 - 0.0004
0.0007 e 0.0008
Swicn # 0.0008 — 0.0007
-4 0.0008 nsad 0.0008
Warwt 0.0008 <0.008 - 0.0008
Smtian # 0.0008 <0.008 0.0007
-3 ©0.0008 <0.008 0.0007
LEAD—t
moil H. K. Damn <0.0002 - <0,0002
Suton # <0.0002 - <0,0002
=1 <0.0002 — <0.0002
<0,0002 = <0.0002
Smsan # <0.0002 - <0.0002
-4 <0.0002 i <0.0002
Wit .06 a.om 0.0010
Suin & o4 o.om Q.07
N=3 0.0009 o001 0.0015
VANADRA -1
molL M. K. Dam 0.0002 — 0.0002
Swian # 0.0001 — 0.0002
- 0.0001 - 0.0001
0.0002 - 0.0001
Smson # 0.0002 - 0.0007
—d 000t - | -= 0.0001
‘Warwia 0.0002 <0003 0.0001
Swian & 0.0001 <0.003 0.0003
W-3 0.0002 <0.003 0.0002
ZNC—t
moL H. K. Dam 0.0011 -- 0.0062
Smsan # 0,0014 - <0,0002
-1 <00002 | —- 0.0004
<0.0002 A 0.0002
‘Smtion # <0.0002 1 «0,0002
-4 <0.0002 = 0.0003
Warwin 0.0048 0.008 0.002
‘Bmiaon ¢ 0.0038 0.008 0.0030
W-3 0.0027 0.008 0.0034
ARSEWIC~t
mal H. K. Dam 10,0001 —_— <0,0001
Swiion # 0.0002 - 0000
=1 0.0001 —— 0.0002
Castopar 0.0002 - 0.0001
Subon & 0.0001 - 0.0001
L] 0.0001 - 0.0001
Vet 0.0003 <0001 0.0002
Smtan # 0.0002 <0.001 0.0002
-3 0.0003 <0.001 0.0002
MERCURY -t
oL H. K. Dam <00 - <0.01
‘Swtien # - - oo
=1 <0.01 - o
Casbeger <0.0n - 0.01
. Suicn # <0.01 - <0.01
=4 <001 - <001
Veénnen a0 01 oo
Swton & oo -0 oo
-3 ooz bl oo
THALLIU -t
molL H. K. Dam <0002 -— -
SuEon # <0,002 - -
=1 <0.002 - ==
0.002 - Pl
Suton # 0.002 - =
-4 «<0.002 - -
Wisrwia <0.002 0.004 -
Smtion F <0.002 0.004 -
M=3 0.002 0.010 S
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using BCELP methods; CRIEMP sampling using federal-provincial
methods; EC using EC methods) were used to collect samples for
analysis of all variables.

At the other audited stations (H.K. Dam and Castlegar), the
routine CRIEMP sampling (with BCELP methods) was conducted only for
general variables and nutrients, not for metals. However, the
CRIEMP collectors sampled for these variables using the federal-
provincial sampling technique. This technique is not regularly
used by the CRIEMP collectors at these stations.

1) General Variables

The values for most general variables were either identical or
very close' among the three sampling/analytical methods. A few
exceptions are detailed below.

CRIEMP collectors measured pH in the field, but pH values for
EC samples were measured at the EC laboratory. Therefore, the data
are not directly comparable.

The CRIEMP-BCELP method gave some slightly elevated levels for
alkalinity, chloride and magnesium. These values may be related to
the bottle preparation procedure used by Zenon; some elevated field
blanks values were also noted for alkalinity (see above).

The CRIEMP federal-provincial method gave slightly elevated
levels for calcium. There is no apparent reason for this result.

The EC and CRIEMP federal-provincial methods generally gave
equal values, except for some potassium, sodium, calcium, hardness
and aluminum values.

2) Nutrients

The values reported by Zenon (CRIEMP-BCELP), when above the
detection limits, are slightly lower than those for the other two
methods. The closeness of the Zenon detection 1limits to the
reported values makes further comparison difficult. The EC and
CRIEMP federal-provincial methods generally gave equal values.

3) Heavy Metals

The CRIEMP-BCELP method showed higher values than the others
for aluminum, iron, manganese, zinc, mercury and thallium. T
showed equal levels for barium, copper and lead. For cadmium,
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cobalt, chromium, molybdenum, nickel, vanadium and arsenic, the
higher Zenon detection limits prevent comparisons with EC values.
The EC and CRIEMP federal-provincial methods generally gave equal
values. The data indicate potential 1limitations in comparing
levels between sites because of Zenon's higher detection limits.

4) Chlorophenols

The EC detection limits are much higher than the CRIEMP-BCELP
(AXYS) detection limits (table 1-7), thus limiting comparison of
the data. All the EC values are under EC detection limits. Only
three CRIEMP-BCELP values are at or over the AXYS detection limits.
These values are much lower than the corresponding EC detection
limits. In this case, EC's higher detection limits restrlct the
value of EC's data for environmental samples.
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TABLE 1-7

CONCENTRATIONS OF CHLOROPHENOLS IN WATER SAMPLES
COLLECTED BY ENVIRONMENT CANADA (EC) AND CRIEMP FROM THE COLUMBIA RIVER
FOR THE NOVEMBER 26, 1991 WATER QUALITY SAMPLING AUDIT

All data in ng/L *—~—" denotes "notanalysed" ( ) denotes a remark at end of table
H. K. Dam Castlegar Waneta
Compound name CRIEMP CRIEMP CRIEMP
“EC BCELP EC _ BCELP EC BCELP
2—chlorophenol <65 —_— <65 - <65 -
3-—chlorophenol <50 - <50 Sy <50 -
4—chlorophenol <40 <24 <40 <1.2 <40 <2.4
2—chloro—5—methylphenol <105 - <105 - <105 T
2,6—dichlorophenol <55 <0.6 <55 <0.3 <55 <0.6
4—-chloro—3-methylphenol <65 - <65 - <65 ——
2,4—dichlorophenol <50 <0.5 <50 <0.3 <50 <0.5
3,5—dichlorophenol I <85 <0.5 <35 <0.2 <35 <0.5
2,3—dichlorophenol <65 <0.5 <65 <0.3 <65 <0.6
3,4—dichlorophenol <40 <04 <40 <0.2 <40 <0.4
2,4,6—trichlorophenol <50 <0.6 <50 9.8 (1) <50 5.1 (2
2,3,6—trichlorophenol <65 <0.8 <65 <0.4 <65 <0.6
2,3,5-trichiorophenol <55 <0.5 <55 <0.3 <55 <0.4
2,4,5—trichlorophenol <45 <0.4 <45 <0.2 <45 <0.3
2,3,4—trichlorophenol <60 <0.6 <60 <0.3 <60 <0.5
3,4,5~trichlorophenol <70 <0.5 <70 <0.3 <70 <0.4
2,3,5,6—tetrachlorophenol <80 <0.7 <80 <0.4 <80 <0.4
2,3,4,6—tetrachlorophenol <60 <0.9 <60 0.9 (3) <60 <0.6
2,3,4,5—tetrachlorophenol <90 <0.4 <90 <0.3 <90 <0.3
Pentachlorophenol <85 <0.4 <85 <0.5 <85 <0.4

(1) Detection limit: 0.3 ng/L
(2) Detection limit: 0.4 ng/L
(3) Detection limit: 0.9 ng/L
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V. CONCLUSIONS AND RECOMMENDATIONS

This field audit was conducted on a date when the CRIEMP
samplers did not routinely collect a complete series of water
.samples. The usefulness of the audit was somewhat diminished by
this fact, which was caused by a misunderstanding between CRIEMP
and EC staff. Therefore, good communication is recommended.

The EC laboratory blanks suggest slight contamination for some
variables. This fact illustrates the need for quality control on
the bottle washing operations and the water deionising system.
Therefore, CRIEMP should obtain such QA/QC data from the analytical
laboratories on a regular basis.

The EC and CRIEMP field blanks were mostly clean. However,
slight contamination was detected, mainly in some EC field blanks.
EC took more field blanks, and its detection limits were lower;
both factors increased the likelihood of "detects". Therefore, at
each sampling run, CRIEMP sampling staff should collect one field
blank at each sampling site for each variable or group of
variables. The purpose of these multiple field blanks is to detect
gross contamination in the field and quickly assess its extent;
sampling staff can then be prompted to avoid it.

CRIEMP took single 2-litre samples at all stations for several
variables, except at Waneta (and only on the date of the audit).
Triplicate samples should be taken occasionally (e.g., four to six
times a year) at each station to estimate the variability of the
data and to detect sample contamination.

CRIEMP was collecting 2-litre samples in polyethylene bottles
to measure the General Variables and the Nutrients; subsamples were
taken at the laboratory. Although the data in this audit do not
indicate any problem, the CRIEMP approach presents a risk: if the
single sample is contaminated in the field, during transport or at
the laboratory, more variables will be affected than if separate
bottles are used. Therefore, CRIEMP should consider the use of
separate sampling bottles. ‘

For several heavy metals, the CRIEMP analytical detection
limits were higher than the levels measured by EC at all three
audited stations. These metals were cadmium, cobalt, copper,
molybdenum, nickel, lead, vanadium, zinc, arsenic, mercury and
thallium. Therefore, on the date of the audit, CRIEMP may have
missed differences between the sampling.stations located upstream
and downstream of Cominco, even if metals samples had been taken at
the upstream stations. For future monitoring, the CRIEMP detection
limits for metals should be lowered to those used by EC, or lower.
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CHAPTER 2

BED SEDIMENT SAMPLING AUDIT

I. INTRODUCTION

The bed sediment sampling component of CRIEMP was conducted by
Norecol Environmental Consultants in September 1992. The groups of
variables measured in the bed sediment samples were heavy metals,
chlorinated organics, total nitrogen and carbon, and particle size
distribution. As part of the quality assurance component of
CRIEMP, EC conducted a field sampling and analytical audit of the
sampling done by Norecol at two stations in the Columbia River.
This audit consisted of two parts as described below.

The first part of the audit was conducted to compare the
cleanliness of sampling by Norecol and by EC. It was done at a
station located upstream of both Celgar pulp mill and Cominco
smelter. Both teams were to sample side by side with their own
equipment and have their samples analyzed at their respective
laboratories. Moreover, each team was to provide subsamples for
analysis at the other team's’ 1aborator1es, to compare analytical
values measured on similar samples. '

The second part of the audit was conducted to compare ' the
analytical results from the different laboratories on subsamples of
common origin. It was done at a station located downstream of both
industries. Norecol collected one large sample and made subsamples
for their own laboratories and for the EC laboratories.

II. SAMPLING SITES

The stations sampled by Environment Canada and Norecol for
this audit are shown in Figure 2-1 and described in Table 2-1.

The site in Lower Arrow Lake is a control station. It is
located upstream of the industries located in Castlegar and Trail.
The first part of the audit was conducted at this site.

The site in the Columbia River is located downstream of the
industries in Castlegar and Trail. "~ The second part of the audit
was conducted at this site.
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III. METHODS

A) Sampling equipment

All equipment used to collect and handle the bed sediments
were made of stainless steel. At each station, just before
sampling, EC cleaned each piece with phosphate-free soap, rinsed it
with deionised water, dried it in air, rinsed it with acetone and
hexane, and kept it wrapped in baked aluminum foil until usage.
Norecol used the same procedure, except that river water was used
instead of deionised water for rinsing.

Because of the early loss of the Norecol Ekman dredge during
sampling, Norecol used the Environment Canada Ekman dredge at all
stations, including both audit stations. Unfortunately, this
modification partly defeated the first objective of the sampling
audit, which was to compare the overall cleanliness of separate
sampling operations by both teams.

B) Sampling procedure

The bed sediment samples were collected either with an Ekman
dredge or with a scoop, depending on the water depth. 1In either
case, great care was taken to avoid contamination from boat gas
fumes. Personnel wore clean polyethylene gloves.

1) Ekman dredge

Before each sampling, the open dredge was rinsed a few times
in the river. The dredge was lowered, and the depth was measured
approximately by the length of rope needed for the dredge to reach
the bottom. Efforts were made so that the dredge hit the bottom
vertically. After retrieving the dredge, the overlaying water was
drained as much as possible, and the dredge was opened inside a
tray. The top layer (2-5 cm) of the bed sediment sample was put
into a bucket, and the rest was discarded. This procedure was
repeated until there was enough top-layer sediment for samples.
The contents of the bucket were well mixed, and dispensed into the
sediment sample containers.

2) Scoop

When the water depth allowed wading, the top layer of the bed
sediment was collected directly with a scoop and then put into a
bucket. Care was taken to avoid sampling in footsteps. This
procedure was repeated until there was enough top-layer sediment.
The contents of the bucket were well mixed, and dispensed into the
bed sediment sample containers.
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C) Sample containers

1) Environment Canada

Sediment samples for analyses of organics and for carbon
(organic and inorganic) and nitrogen ("CCN") were put into Teflon
jars which had been washed with phosphate-free soap, rinsed with
deionised water, dried and rinsed with acetone and hexane. Samples
were kept on dry ice.

Sediment samples for analyses of heavy metals were put into
polyethylene bottles which had been washed with phosphate-free
soap, immersed overnight in 10% nitric acid, rinsed with deionised
water and dried in air. Samples were kept on dry ice.

Sediment samples for particle size analysis were treated the
same way as the metals samples, but were placed on regular ice, not
on dry ice.

2) Norecol

Sediment samples for analyses of organics and heavy metals
were placed into glass jars (precleaned, respectively, by the AXYS
and Zenon Laboratories) and kept frozen on dry ice. Organic and
inorganic carbon and nitrogen ("CCN") were analyzed from the heavy
metals jars.

Sediment samples for particle size analysis were put into
Whirl-Pak polyethylene bags and placed on regular ice.

'

D) Analytical methods

The Norecol samples (and the subsamples from EC) for total
heavy metals, total carbon and total nitrogen were analyzed at
Zenon Environmental Laboratories Inc. (Norecol Environmental
Consultants Ltd, 1993; Zenon Environmental Laborateories Ltd, 1993).
Total metals were determined by Inductively Coupled Argon Plasma
(ICAP). Arsenic and selenium were determined by ICAP-hydride
generation. Mercury was analyzed by digestion of organomercury and
UV analysis. Total carbon was determined by combustion (LECO
method), and total inorganic carbon was determined on an ashen
sample. The difference between these two values was total organic
carbon. Total nitrogen (free ammonia and organic nitrogen) was
measured by the Kjeldahl method.

The Norecol samples (and the subsamples provided by EC) for
dioxins, furans, chlorinated phenols and particle size distribution
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were analyzed at AXYS Analytical Services Ltd in Sidney, B.C.
(Norecol Environmental Consultants Ltd, 1993). = The samples for
chlorinated organics were analyzed by High Resolution Gas
Chromatography/Mass Spectrometry. The samples for particle size
distribution were analyzed by the pipette method for the smaller
particles (less than 0.062 mm) and the sieve method for the larger
particles.

The EC samples (and the subsamples provided by Norecol) for
total metals, dioxins, furans, chlorinated phenols, total nitrogen
and total carbon were analyzed at the National Laboratory for
Environmental Testing (NLET) in Burlington, Ontario using
unpublished methods listed in the ENVIRODAT Provisional Dictionary
of Codes (1993). Samples for total metals were digested in
perchloric-nitric acid and then analyzed by atomic absorption with
direct aspiration. The samples for chlorinated organics. were
analyzed by Low resolution Gas Chromatography/Mass Spectrometry.
The samples for total nitrogen were analyzed by the CHN analyzer
method. These samples were also analyzed with the CHN analyzer for
total carbon and total organic carbon; the difference between these
two values was total inorganic carbon.

EC also made subsamples for dioxins and furans at both audited
stations for analysis at a third laboratory, Zenon Environmental
Laboratories. Zenon analyzed these samples by High Resolution
Chromatography coupled to a High Resolution Mass Spectrometry
utilizing ion monitoring.

The EC samples for Particle Size Distribution were analyzed at
the Environmental Surveys Branch Sediment Laboratory of Environment
Canada (New Westminster, B.C.) by the U.S. Standard Sieve method
(Water Resources Branch, 1988). Particles smaller than 0.0625 mm
were not separated.
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IV. RESULTS AND DISCUSSION
A) Heavy metals

Table 2-2 presents the heavy metal data for this audit. Each
sample was split in the field, and subsamples were submitted to the
NLET and Zenon analytical laboratories. Table 2-2 presents the
analytical data and their means. For both upstream and downstream
sites, NLET reported higher values than Zenon for several metals
(Co, Cr, Fe, Mn, 2Zn), but the reverse situation was observed for
other metals (Cd, Pb). For the upstream station only, a "paired
comparison test of the means by a two-way ANOVA without replication
with randomized complete blocks" (Sokal and Rohlf, 1969) was used
to test if the data obtained at NLET were significantly different
(P < 0.05) from the data obtained at Zenon. The conclusions of
this analysis are presented in Table 2-3. The NLET mean values for
this station were significantly higher than the Zenon mean values
for chromium, iron and nickel.

Chromium values measured by NLET are higher than those of
Zenon, especially at the upstream site (by a factor of 2 to 4).
Zenon's "QA/QC report for the CRIEMP sediment monitoring program"
(Zenon Environmental Laboratories Ltd, 1993) shows a weak recovery
(17%) for chromium from a certified sediment sample, but a 119%
recovery for chromium in a spiked sample. Zenon attributes such an
erratic performance to a possible incomplete acid digestion of the
sediment samples.

For the upstream site, both NLET and Zenon data sets showed
higher levels for most metals in the EC subsamples, compared to the
Norecol subsamples (Table 2-2). As each sampling team collected
its own samples, these differences may reflect real differences
between the samples.

At the downstream site, where Norecol collected the sample
used for quality assurance, the values for the subsamples put into
EC bottles and Norecol bottles, then all analyzed at NLET, were
comparable. This shows that the bottles used by EC and Norecol
were of similar cleanliness.

In conclusion, NLET has reported higher values than Zenon for
several metals. The performance of each analytical laboratory for
the analysis of standard reference materials should be examined to
determine the accuracy of the results.

B) Particle size

Table 2-4 presents the results for particle size. For the
particle diameters between 2 mm and 0.0625 mm, the percentages are
fairly comparable. Environment Canada did not separate particles
finer than 0.0625 mm diameter.
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TABLE 2—4 PARTICLE SIZE ANALYSIS OF THE COLUMBIA RIVER BED SEDIMENT SAMPLES
COLLECTED DURING THE CRIEMP SEDIMENT SAMPLING AUDIT ON
SEPTEMBER 1 AND 2, 1992 AND ANALYZED BY THE EC AND AXYS LABORATORIES

Analytical data: Percentage (in weight) finer than indicated mesh opening

A) Upstream (confrol) site Arrow Lake near Syringa Creek

EC laboratory AXYS laboratory
Mesh opening | EC Norecol EC Norecol
(mm) subsample subsample subsample subsample
16 - - -— -~
8 S — S s
4 Shfews —— o s
2 100.0 100.0 100.0 100.0
1 99.7 99.9 99.7 100.0
0.5 98.7 98.8 99.1 99.7
0.25 93.2 95.7 97.3 98.3
0.125 84.4 90.0 -— -—
0.105 - —_— 89.1 88.9
0.063 - -— 782 76.4
0.0625 69.7 744 - ~—
0.044 —— -_ 748 719 |
0.031 - -— 69.2 67.5
0.022 —-— - 64.1 - 625
0.016 - - 59.2 56.9
0.0078 - - 53.0 514
0.0039 - - 47.0 448
0.002 - — 44.2 38.4
B) Downstream site Columbia River 5 km upstream of the Border
EC laboratory AXYS
laboratory
EC bottles Norecol bottles Norecol
Mesh opening bottle
(mm) 2-A-ECB 2-B-ECB 2-C—ECB|[2-A-NB 2-B-NB 2-C-NB | 2437-28A
16 = - S - e ——— -
8 [ _ —_— - -_— f— -
4 e ——— - o i — Mz
2 - - = - - —— 100.0
1 100.0 100.0 100.0 100.0 100.0 100.0 100.0
0.5 99.8 99.9 99.9 99.9 99.8 99.7 99.8
0.25 97.5 97.6 97.1 97.4 97.4 96.7 96.2
0.125 776 78.2 75.4 76.0 76.1 74.4 -
0.105 - -— - - - - 62.6
0.063 -— -— - - - -— 325
0.0625 42.0 429 40.1 40.6 417 40.5 -
0.044 —_— - _—— _— - -— 275
0.031 — - ' —_— - -— 20.5
0.022 - - - - - - = 16.3
0.0186 — - - _— - -— 124
0.0078 - -— - —-— - —-— 9.5
0.0039 - - - - —— - = 7.4
0.002 - - -— -— -~ —— 6.1




36

C) Total carbon and nitrogen
Table 2-5 presents the data for these variables.

Carbon: The organic and inorganic carbon results are highly
variable, especially for the EC (NLET) laboratory results. Zenon
reported higher values for organic carbon than for inorganic
carbon, but NLET reported the reverse. Both laboratories have
verified their data for possible errors and have confirmed them.
Differences in methodology may explain some of the differences:
Zenon measures inorganic carbon directly and calculates organic
carbon, while NLET does the reverse. No further conclusion can be
drawn.

Nitrogen (total): The reported data for both laboratories were
variable but more consistent than for carbon. Both laboratories
have verified and confirmed their respective data sets.

D) Chlorophenols

The data are shown in Table 2-6. The detection limits for the
EC (NLET) laboratory were high, so nothing was detected. AXYS had
much lower detection limits and detected (but could not quantify)
4-chlorophenol in the Arrow Lake sediment sample collected by
Environment Canada; nothing was detected in the Norecol sample.
Arrow Lake was an upstream (control) station. No chlorophenols
were detected by AXYS at the downstream site.

E) Dioxins and Furans

Table 2-7 presents the data. Values from the Zenon laboratory
are generally lower than those from the NLET and AXYS laboratories.
The subsamples analyzed at Zenon were sent to this laboratory
several months after the other subsamples had been analyzed at NLET
and AXYS. This delay may have caused changes in these subsamples.

At the upstream site, the EC and Norecol subsamples show
comparable levels for the congeners of dioxins and furans. AXYS
and NLET laboratories showed comparable levels and detection limits
for these congeners. Some variability between replicate subsamples
is apparent.

At the downstream site, comparable values were obtained for
subsamples placed in EC and Norecol bottles and analyzed at NLET.
Given the variability among subsamples, comparable results were
reported by NLET and AXYS laboratories.
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TABLE 2-6 CHLOROPHENOLS IN BED SEDIMENT SAMPLES FROM THE COLUMBIA RIVER
COLLECTED DURING THE CRIEMP SEDIMENT SAMPLING AUDIT ON SEPTEMBER 1 AND 2, 1992
AND ANALYZED AT THE EC AND AXYS LABORATORIES

Analytical data: in nanograms/gram of DAY sediment
"<value”: under detection limit
"NDR": peak detected but did not meet quantification criteria

A) Upstream (control) site Arrow Lake near Syringa Creek
EC laborator AXYS laboratory
EC Norecol EC Norecol
subsamples subsamples subsample| subsample
Chlorophenol 1—-A-ECS 1-B-ECS 1~A=NS 1-B=NS 2437-20 2437-29
2~chlorophenol <300 <300 <300 <300 S -
3—chlorophenol <150 <150 <150 <150 —r= ——
4—chlorophenol <150 <150 <150 <150 NDR (2.7) < 04
2~—chloro—5-methylphenol <400 <400 <400 <400 - --
2,6—dichlorophenol <100 <100 <100 <100 < 03 < 04
4—chloro—3—methylphenol <400 <400 <400 <400 = -
2.4~dichlorophenol <200 <200 <200 <200 < 0.4 < 03
3,5—dichlorophenol <200 <200 <200 <200 < 03 < 03
2,3=dichlorophenol <200 <200 <200 <200 < 03 < 03
3,4—dichlorophenol =200 <200 <200 =200 < 03 < 0.2
2.4,6~ichlorophenol <100 <100 <100 <100 < 02 < 0.2
2,3,6—trichlorophenol <200 <200 <200 <200 < 02 < 04
2.3,5-trichlorophenol <200 <200 <200 <200 < 0.2 < 03
2,4,5—trichlorophenol =200 <200 <200 <200 < 0.2 < 03
2.3,4—trichlorop henol <200 <200 <200 <200 < 02 < 04
3.4.5—trichlorop henol <200 <200 <200 <200 < 02 < 0.4
2.3,5,6-tetrachlorophenol <100 <100 <100 <100 < 04 < 08
2,3,4,6 —tetrachlorophenol <100 <100 <100 <100 < 05 i
2.3.4,5~tetrachlorophenol <100 <100 <100 <100 < 03 < 05
, | Pentachlorophenol < 50 < 50 < 50 < 50 < 0.6 < 11
B) Downstream site Columbia River 5 km upstream of the Border
Ecr—hbomlory AXYS laboratory
; EC bottles Norecol bottles Norecol bottle
Chilorophenol 2—-A—-ECB 2-B-ECB 2-C-ECB 2-A~NB 2-B-NB 2-C—-NB || 2437-28
2-chlorophenol <300 <300 <300 <300 <300 <300 -
3—chlorophenol <150 <150 <150 <150 <150 <150 -
4 —chlorophenol <150 <150 <150 <150 <150 <150 < 08
2-chloro—5-methylphenol <400 <400 <400 <400 <400 <400 -
2,6—dichlorophenol <100 <100 <100 <100 <100 <100 < 04
4 —chloro—~3—-methylphenol <400 <400 <400 <400 <400 <400 -
2.4 -dichlorophenol <200 <200 <200 <200 <200 <200 < 0.5
3,5—dichiorophenol <200 <200 <200 <200 <200 <200 < 04
2,3—dichiorophenol <200 <200 <200 <200 <200 <200 <1 =1
3,4~dichlorophenol <200 <200 <200 <200 <200 <200 < 03
2.4,6-trichlorophenol <100 <100 <100 <100 <100 <100 < 04
2.3,6—trichlorop henol <200 <200 <200 <200 <200 <200 < 05
2.3,5-trichlorophenol <200 <200 <200 <200 <200 <200 < 05
2.4,5-trichlorophenol <200 <200 <200 - <200 <200 <200 < 04
2,3,4~trichlorophenol <200 <200 <200 <200 <200 <200 < 04
3.4,5~trichlorophenol <200 <200 <200 <200 <200 <200 < 0.4
2,3,5,6~tetrachlorophenol <100 <100 <100 <100 <100 <100 < 02
2.3.4,6~tetrachlorophenol <100 <100 <100 <100 <100 <100 < 03
2.3.4, 5~tetrachlorophenol <100 <100 <100 <100 <100 <100 < 03
Pentachlorophenol < 50 < 50 < 50 < 50 < 50 < 50 < 06
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TABLE2-7 DIOXINS AND FURANS IN BED SEDIMENT SAMPLES FROM THE COLUMBIA RIVER COLLECTED ON SEPTEMBER 1 AND 2, 1982
DURING THE CRIEMP SEDIMENT SAMPLING AUDIT AND ANALYZED AT THE EC, AXYS AND ZENON LABORATORIES

Anatytical data: in picogmms/gram of DRY sediment

A) Upstream {control) site:  Armow Lake near Syringa Creek

EC labomatory (NLET) . Zenon labomtory
Norecol
EC subsamples Norscol subsamples sample EC subsamples
| Compound 1-A-ECS 1-B-ECS 1-A~NS 1-B-NS 2437-28] 1-A-10S 1-B-i0S
2.3,7,8-TCOD < 01 < 02 < 03 < 0.1 < 02 < 24 < 34
Total TCOD <01 <02 < 03 < 0.1 < D2 < 24 < a4
1,2,3,7,86-PeCDD <1 < 1 < 13 < 08 < 0.2 < 43 < 05
Total PeCDO e <1 < 13 < 08 < 0.2 < 43 < 985
1,2.3,4,7.8~HCOD <11 <28 <17 <27 03 | <13 <87
Tota! HXCOD 65 <28 3 < 27 53 < 8.4 < 72
1,2,3,4,87,8—HpCOD 18.1 18.3 15.8 14.9 18 14 9 <12 <13
Total HpCOD 384 a8 az 274 20 20 28 <12 <13
ocoD 741 723 65.6 505 50 53 54 19 <12
2,3,7.8-TCOF < 0.1 < 0.1 1.7 < 0 0.8 0.8 0.8 < 28 < 34
Total TCOF <01 2 21 14 8.1 48 57 < 28 < 34
1,2.3,7,6-PeCOF <07 <07 <08 <08 0.2 0.2 <02 <34 <87
Total PeCOF < 07 <07 < 08 < 08 44 as 40 <48 < 55
1,2,3,4,7,8—HxCOF 1.9 <15 <17 <18 1.5 14 1.2 <73 < 40
Total HxCOF 46 a8 <17 <18 12 0.9 10 <88 < 28
1,2,3,4,67,8~HpCOF < 18 a7 a4 a7 a8 g a5 < 74 <52
Total HPCOF < 1.8 47 8.1 ay 14 88 8.1 < 87 < 8.1
OCOF < 24 8 a8 8.1 6.8 5.0 ' 49 <12 <14
B) Downstream site: Columbia River 5 km upstream of the Bord
EC imboratory (NLET) AXYS laboratory Zenon iaboratory
EC bottles Norecol botties IBotie EC botties
| Compound :2-A-ECB 2-B-ECB 2-C-ECB 2-A-NB 2-B-NB_2-C-NB 2437-28 2-A-i0S 2-B-I0S 2-C-I0S
2.3,7.8-TCOD 28 0.8 < 02 ase 34 < 02 0.7 < 21 <28 <12
Total TCOD 29 0.8 <02 34 34 < 02 07 <21 <28 <12
1,2.3,7,8—PeCOD < 08 < 08 <1 < 1.2 < 25 < 0.7 < 02 < 33 < 33 < 21
Total PeCDD < 08 < 0.8 <1 <N < 25 < 0.7 < 0.2 < 33 <33 = 2
1,2.3,4,7,8~HxCDO < 0.6 < 28 < 11 <18 < 1.7 < 1.5 02 < 83 < 8.8 < 43
Total HxCOD < 0.8 < 26 < 11 1< 18 4 <15 7.8 <47 < 85 < 22
1,2,3.4,67,8-HpCOD 145 <12 <12 137 1.5 7.8 58 < 8.0 <78 < 8.0
Total HpCOD 21.1 8 <12 21.9 1.5 18.2 13 < 80 <78 < 80
loe s s} 548 427 834 a4 518 . 508 34 11 0.8 17
2,37.8-TCOF 86.0 70.2 88.1 687 80.3 73.7 81 20 21 26
Total TCOF 108.4 1148 1136 105.0 1165 1158 09 29 22 a8
1,2.3.7,6-PeCOF as <11 4.1 45 7.3 < 12 a7 < 18 < 18 < 24
Total PeCOF 53 < 1.1 41 6.1 a7 <12 45 < 1.8 <19 <14
1,234,7,8-HxCOF 52 < 1.7 52 ° <07 <14 <15 0.3 < a1 < a2z < 22
Total HxCOF 52 < 1.7 52 1.8 < 14 < 15 26 < 29 < 30 < 21
1,2,9,4,67,8—HpCOF 7.5 < 18 9.0 3 < 1.7 < 08 T 20 < 4.1 < a7 < a3l
Total HPCOF 7.5 < 1.8 :X:] 75 < 1.7 < 08 4.4 < 48 < 43 < 34
OCDF 23.4 < 2.5 26,3 168 121 < 29 3.0 < T4 < B8 < 53
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V. CONCLUSIONS AND RECOMMENDATIONS

The early loss by Norecol staff of their only Ekman dredge
prevented comparison of overall sampling cleanliness of the two
teams. In this audit, the comparisons between EC and Norecol data
are restricted to the preparation of the sample containers and to
the analytical methodologies. This loss proves the necessity of
bringing backup equipment to the field.

‘The metals values from the EC (NLET) laboratory are often
higher than the corresponding levels from Zenon. The performance
of each laboratory for reference standard analysis should be
examined. This audit demonstrates the value of using a second
laboratory to check the quality of the analyses.

The carbon and nitrogen results were highly variable; this
made comparisons between samples or laboratories difficult. ' At
least three splits (subsamples) should be made and analyzed for
these variables.

The dioxins and furans data were fairly similar between AXYS
and EC (NLET) laboratories. The Zenon laboratory reported lower
values, but the samples were. submitted to Zenon several months
after collection. This problem shows the necessity of analyzing
the samples as soon as possible after their collection, to minimise
sample degradation and obtain reliable data.

It is recommended to collect field replicates at each sampling
station to estimate the variability within the site. One should
also make splits (subsamples) from some samples, to estimate the
analytical variability. The sampling and analytical costs will be
higher, but the credibility of the data will be greatly increased.
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CHAPTER 3

-

- CADDISFLY SAMPLING AUDIT
I. INTRODUCTION

The biocaccumulation sampling component of CRIEMP 1991-93 was
conducted in the summer and fall of 1992. A few selected species
were tested for a variety of contaminants. Emergent, adult forms
of the insect order Trichoptera (caddisflies) were chosen as one of
the sentinel species due to their seasonal availability, ease of
capture, and their significant contribution to the food chain of
freshwater ecosystems (McCafferty, 1983).

Trichoptera larvae live and feed on the bottom of the river
and accumulate contaminants from bottom sediments during this
stage, before emerging as winged adults to reproduce. The adults
are short-lived and neither feed nor defecate during this final
stage. Therefore, they retain the contaminants accumulated during
their larval stage. Under favourable conditions, swarms of adults
emerge at night from the river.

As part of the quality assurance component of CRIEMP 1991-
1993, Environment Canada (EC) conducted an audit of the sampling
and analytical procedures used in the caddisfly bioaccumulation
section of the program. This audit was conducted at two locations
on July 15 and 16, 1992. UV light traps placed along the river
bank were used to attract the emergent caddisflies. Norecol and
Environment Canada teams conducted their sampling side by side and
had their own samples analyzed at their respective laboratories.
Moreover, the two teams exchanged subsamples for analysis at their
respective laboratories.

IT. SAMPLING SITES

The two sites used for the emergent insect sampling audit are
described in Table 3-1 and are shown on Figure 3-1. The upstream
(control) site at Glade on the lower Kootenay River is located
upstream of the contaminant sources in the lower Columbia River at
Castlegar and Trail. The downstream site at Waneta on the Columbia
River is located downstream of these same sources. Both sampling
sites were located far away from other light sources to reduce
interference or competition for the ‘light traps.
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TABLE 3—1

LOCATIONS OF SITES SAMPLED IN JULY 1992 FOR THE
CRIEMP EMERGENT INSECTS (CADDISFLIES) SAMPLING AUDIT

Lat.  49°01'17"N
Long. 117°36'05" W

Date of
sampling Site name Site location Land access
July 16, UPSTREAM SITE Left bank of the Ferry to Glade,
1992 Kootenay River Kootenay River, left turn,
at Glade upstream of Glade small roads
ferry and sawmill along river
Lat.  49°24’40"N
Long. 117°32'22" W
July 15, DOWNSTREAM SITE | Left bank of the West side of
1992 Columbia River Columbia River, Highway 22A,
at Waneta one kilometre small road to
upstream of the river bank
Pend d'Oreille
River
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IIT. METHODS

A) Description of the emergent-insect light traps

The emergent insect light traps used for this audit by both EC
and Norecol Environmental Consultants were modified versions of the
traps described in Kovats and Ciborowski (1989). The traps were
modified by EC for this study. They consist of a stainless-steel
bucket supporting a stainless-steel structure with a UV light tube
in the centre. Radiating from this tube are three stainless steel
vanes (Figure 3-2). The insects were collected in modified Teflon
jars to prevent contamination from metals and organics. The ultra-
violet (UV) 15-watt DC collecting lights were obtained from Bioquip
Products, and were powered by rechargeable 12-volt batteries.

B) Sampling procedure used by Environment Canada

One sampling site was audited per day. For each audit, six
traps were used by Environment Canada.

All pieces of equipment coming in contact with insects were
washed with a non-phosphate detergent and rinsed with deionised
water, acetone and hexane before use. The traps and the UV lights
were solvent-rinsed again at the sampling site just before the
collection began. Personnel wore polyethylene gloves to handle all
pieces of equipment. The ends of the UV lights and the electrical
wires joining these ends were covered with Teflon tape to prevent
contamination of any insect landing on the lights during sampling.

A Teflon jar was placed in the centre of each bucket and
raised on an aluminum foil pad to touch the underside of the
funnel. This was done to minimize loss of insects falling on the
dry ice beside the Teflon jars. Small pieces of dry ice were
placed around the Teflon jar to keep it in a central position and
to anaesthetize the insects. .The traps were placed on the river
bank, about 1 metre from the water.

Sampling began soon . after sunset (about 9 p.m. in July). The
caddisflies emerging from the river were attracted by the UV lights
and hit the vanes of the trap. They were anaesthetized by the
carbon dioxide vapours and fell through the funnel into the Teflon
jars. The cold temperature kept them anaesthetized. When full,
the jars were replaced and their contents processed immediately
(see below). The sampling continued until approximately 11 p.m.
The UV lights were then shut off and the traps opened. The Teflon
jars were taken out and the insects were processed on site.
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C) Sampling procedure used by Norecol

Norecol and Environment Canada used similar procedures, with
the following exceptions:

-Norecol used four traps at the two audited sites, while
Environment Canada used six traps;

-Norecol used cloth towels to wipe water off the traps after
rinsing, while Environment Canada let the traps dry in air;

-Norecol placed the traps and the UV lights in cardboard cartons
for transport to the sampling sites, while Environment Canada used
polypropylene bags washed in nitric acid and rinsed with acetone
and hexane;

-at the sites, Norecol rinsed the traps with hexane only, while
Environment Canada used both acetone and hexane.

D) Processing of captured insects by Environment Canada

The processing was done at the sampling site, inside a mobile
field laboratory, to minimize the possibility of contamination.
Staff wore labcoats and polyethylene gloves. Stainless steel trays
and utensils were used. Before use, these were washed with a non-
phosphate detergent and rinsed with deionised water, acetone and
hexane, then covered in aluminum foil washed in the same manner.

The insects from each Teflon jar were poured into a large
tray. The caddisflies were separated from the other insects with
spoons and forceps, and then weighed. This handling had to be done
quickly, because some insects recovered when removed from dry ice.
Therefore, the Teflon jars were left inside the traps until their
processing began.

The caddisflies from all jars were combined and mixed well.
Subsamples were taken for species identification, metals analysis
and organics analysis, as follows:

-the subsamples for species identification were put in large-mouth
plastic jars and preserved with 10% formalin;

-the metals subsamples were put into polyethylene bags (pre-washed
with 25% nitric acid and rinsed with deionised water) and frozen;

-the organics subsamples were put into small stainless-steel trays;
the tray tops were covered with aluminum foil and the samples were
frozen. :

Subsamples were also exchanged with Norecol staff for cross-
analysis. :
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E) Processing of captured insects by Norecol

Norecol proceeded like Environment Canada, except for the
following differences:

-insects were sorted and made into the subsamples in a motel room
a few hours after collection;

-samples for organics analysis were stored in glass bottles;
-samples for metals analysis were stored in polyethylene jars;

-subsamples for species identification were preserved in 70%
ethanol.

F) Laboratory analytical methods

The samples collected by Norecol and the subsamples provided
by Environment Canada to Norecol were analyzed for total metals at
Zenon Environmental Laboratories Inc. by Inductively Coupled Argon
Plasma (ICAP) (Zenon, 1993), and for chlorinated organics at AXYS
Analytical Services Ltd by High Resolution Gas Chromatography-Mass
Spectrometry.

The samples collected by Environment Canada and the subsamples
provided by Norecol to EC were analyzed for total metals and
chlorinated organics at the National Laboratory for Environmental
Testing (NLET) of Environment Canada in Burlington, Ontario. The
samples for total metals were digested in sulphuric-nitric acid and
analyzed by Atomic Absorption Spectrometry. The samples for
chlorinated organics were analyzed by Gas Chromatography-Mass
Spectrometry. The unpublished analytical methods are listed in the
Provisional Dictionary of Codes (ENVIRODAT, 1993).

Environment Canada also sent some subsamples of both EC and
Norecol samples to the laboratory operated by the Institute of
Ocean Sciences (I0S) of the Department of Fisheries and Oceans in
Sidney, BC. These subsamples were analyzed by High Resolution Gas
Chromatography-Mass Spectrometry (unpublished methods).

Norecol conducted species identification of its own samples
and of some Environment Canada subsamples. Environment Canada sent
its own samples and some Norecol subsamples to Applied Technical
Services of Saanichton, B.C., where Trichoptera were identified to
the spec1es level; subsamples were sent to the Royal Ontarlo Museunm
for species verlficatlon (Appendix I).
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IV. RESULTS AND DISCUSSTION
A) Species identification

Table 3-2 presents the percentages for the most abundant
species of caddisflies found in the EC and Norecol subsamples at
both sites. Appendix 1 contains the detailed identification report
for the EC samples. At Glade, the proportions are similar among
subsamples, except in the EC subsample analyzed by Norecol, where
Hydropsyche occidentalis and Cheumatopsyche campyla have the same
abundance. The other Glade subsamples showed three to four times
more Cheumatopsyche campyla than Hydropsyche occidentalis. Since
the Norecol report did not provide the total numbers of insects in
the samples, this difference cannot be explained. If these numbers
were small, the difference may not be significant. At Waneta,
similar results were obtained for all four subsamples.

B) Total Metals

The data in Table 3-3 show that at Glade, both laboratories
reported some higher values for the EC subsamples. At Waneta, NLET
(EC) data are similar for the EC and Norecol subsamples, but Zenon
data showed some higher values for the Norecol subsample. Overall,
there is reasonable similarity between the data sets. When the
analytical laboratories are compared, NLET reported higher levels
for cadmium, chromium, copper, iron and zinc, particularly for the
Glade subsamples, but not for the other elements. Overall, the
data from the two laboratories were fairly similar.

C) Dioxins and Furans

The data are shown in Table 3-4. The subsamples from EC were
analyzed at the NLET, AXYS and IOS laboratories. There are some
differences among laboratories, but no consistent bias is indicated
throughout. The EC sample analyzed at NLET shows values fairly
similar to those in the other data sets. Overall, the five data
sets show reasonable agreement among the different sampling teams
and laboratories. \

D) Chlorophenols

The data appear in Table 3-5. The EC (NLET) laboratory
detected nothing, due to its high detection limits. The AXYS
laboratory had lower detection limits. At Glade, AXYS detected a
low level of 2,4-dichlorophenol in the EC subsample and similar
levels of pentachlorophenol in both EC and Norecol subsamples. At
Waneta, AXYS measured a low level of 2,3,4,6-tetrachlorophenol in
the EC subsample and similar levels of pentachlorophenol in both EC
and Norecol subsamples.
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TABLE 3—2 PERCENTAGES OF THE MOST ABUNDANT CADDISFLY SPECIES IN SAMPLES
COLLECTED DURING THE CRIEMP EMERGENT INSECT SAMPLING AUDIT
(JULY 15—16, 1992) BY EC AND NORECOL ENVIRONMENTAL CONSULTANTS

A) Upstream site (Kootenay River at Glade)

July 16, 1992
Norecol consultant laboratory EC consultant laboratory
Norecol EC Norecol EC
Caddisfly species subsample subsample subsample subsample
Hydropsyche oslari 0.9 1.8 0 1.18
Hydropsyche occidentalis 17.3 40.9 15.83 20.83
Cheumatopsyche campylal| 60.0 39.1 68.38 56.87
Psychomyia flavida 19.1 14.5 15.16 19.80
B) Downstream site (Columbia River at Waneta)
July 15, 1992
Norecol consultant laboratory EC consultant laboratory
Norecol EC Norecol EC
Caddisfly species subsample subsample subsample subsample
Hydropsyche oslari 0.9 5.4 0 0
Hydropsyche occidentalis 63.6 64.9 71.67 58.71
Cheumatopsyche campylal| 30.9 25.2 26.90 35.79
Psychomyia flavida 0 0 0.24 0.24
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TABLE 3—3 COMPARISON OF HEAVY METALS LEVELS IN CADDISFLY SAMPLES
COLLECTED BY EC AND NORECOL ENVIRONMENTAL CONSULTANTS
DURING THE CRIEMP EMERGENT INSECT SAMPLING AUDIT
(JULY 1516, 1992)

Analytical data for Heavy Metals in micrograms/gram (on a WET weight basis)
(<value) : less than detection limit of Zenon laboratory
(re—adjusted on a WET weight basis)

A) Upstreamn (control) site

Kootenay River at Glade (left bank) ~ July 16, 1992

EC laboratory Zenon laboratory
EC Noarecol EC Norecol
Metal subsample subsample subsample subsample
Cadmium 0.130 0.120 0.08 0.08
Cabalt <10 <10 ) (<0.08) (<0.08)
Chromium 0.68 0.42 (<0.06) (<0.06)
Copper 9.49 8.42 7.01 5.81
Iron 422 36.5 321 241
Manganese 5.27 474 6.08 3.62
Nickel 0.420 0.219 (<0.22) (<0.22)
Lead 1.26 1.06 1.37 1.10
Zinc 49.0 40.1 37.0 288
Arsenic 0.818 0.640 0.877 0.658
Selenium 0.672 0718 0.740 0712
Mercury <0.01 <0.01 (<0.01) (<0.01)
B) Downstream site
Columbia River at Waneta (left bank) — July 15, 1992
EC laboratory Zenon laboratory
EC Norecol EC Norecol
Metal subsample subsample subsample subsample
Cadmium 0.212 0.229 0.195 0.217
Cobalt <10 <10 (<0.09) (<0.09)
Chromium 0.46 0.50 (<0.06) (<0.06)
Copper 11.8 118 10.1 121
Iron 38.0 38.6 30.9 36.5
Mangan 4.27 3.98 3.51 434
Nickel 0.181 0.203 (<0.24) (<0.24)
Lead 711 7.30 6.0 743
Zinc 62.2 67.8 543 64.4
Arsenic 0.620 0.609 0.51 0.653
Selenium 0.461 0.474 0.39 0.446
Mercury 0.014 0.015 (<0.015) (<0.015)
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TABLE 3—4 COMPARISON OF THE LEVELSOF DIOXINS AND FURANS IN CADDISFLY SAMPLES
COLLECTED BY EC AND NORECOL ENVIRONMENTAL CONSULTANTS DURING
THE CRIEMP EMERGENT INSECT SAMPLING AUDIT (JULY 1516, 1992)

Analytical data for Dioxina and Furans (In picograms/gram WET weight)

*<value": sample detection limit
*(Value)": Peak detected but did NOT meet quantification criteria ("NDR" for AXYS)
or Not d d due o i ratio ("NDR" for 10S)

NOTE: no Norecol samples for Diaxing and Furans were analysed at the EC (NLET) w&:mmp&lglﬁ

A) Upstream (control) site Kootsnay River at Glade (left bank) — July 18, 1982

EC laboratory AXYS laboratory 108 laboratory
EC [ EC [ Norecol “EC EC Norecol
Compound subsample subsample subsampie subsample 1 subsample 2 subsample
2378-TCDD <0.02 <02 <0.1 <005 0.08 0.07
Total TCDD 042 <02 0.4 0.84 054 or2
1.23.7,8~PeCDD 031 <06 <02 0.15 0.47) (0.14)
Total PeCDD 138 <06 <02 0.54 0.81 081
1,2,3,4,7 8-HxCDD <0.03 <08 0.1 (0.13) 021 0.13
Total HxCDD 3.7 23 34 4.18 4.10 378
1,234,6,78-HpCDD 488 as az s 339 218
Total HpCDD 114 8.4 B84 8.13 7.82 562
OCDD R4 12 18 1571 1482 784
2,3,7.8-TCDF 0.47 05 (0.4) 0.58 0.51 0.88
Total TCDF 28 13 18 2.48 2.44 22
12,3.7.8-PeCDF <0.07 <0.4 <02 (0.08) {0.08) 0.07
Total PeCDF o 05 1.3 1.48 1.18 087
1,2,3,4,7 B—HxCDF <0.05 <086 <03 (0.13) 0.18 oaz2
Total HxCDF <0.05 13 3.0 1.49 1.49 129
1,2.34,6,78-HpCDF 0.58 (2.3) 2.0 0.47 0.45 02s
Total HPCDF 133 <07 34 1.09 0.85 0,58
OCDF <0.02 <16 <1.0 0.58 0.50 0.33
B} Downstream sie Columbia River at Waneta (left bank} — July 15, 1882
[ EClaboratory | AXYS iaboratory 108
EC EChL.. Norecol EC Norecol
Compound subsample subsample subsample subsample subsample
23.78-TCDD 0.57 <02 =02 0.34 0.13
Total TCDD 3.38 1.0 15 280 205
1,2,3,7,8—PeCDD 0.50 <03 <03 043 (0.41)
Total PeCDD 0.83 1.7 28 475 an
123,47 8—HxCDD <0.01 <0.4 <02 0.48 0.38
Total HxCDD 528 3.4 5.6 1028 9258
1,23.4.6,7 8-HpCDD a8 (1.6 3.8 asy 27
Total HpCDD 883 47 8.5 9.40 7.79
OCDD 1n 75 21 14,890 1050
2,3.7,8-TCDF 389 1.8 241 ases 21
Total TCDF 143 83 58 878 817
1.23.7,8~PeCDF 024 <02 <02 <0.04 (0.18)
Total PeCDF 185 241 2.0 3.10 288
1,23,4,7 B—HxCDF 021 <05 <02 027 0.22
Total HxCDF 1.2 0.7 1.1 1.83 1.52
123,487 8-HpCDF 037 (1.9 (1.0) 028 028
Total HPCDF 037 <08 <03 0.58 0.60
DOCDF =0.02 <22 <03 D.45 0.0
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TABLE 3-5 COMPARISON OF THE LEVELS OF CHLOROPHENOLS IN CADDISFLY SAMPLES
COLLECTED BY EC AND NORECOL ENVIRONMENTAL CONSULTANTS
DURING THE CRIEMP EMERGENT INSECT SAMPLING AUDIT (JULY 15-16, 1992)

Analytical data for Chlorophenols in nanograms/gram (WET weight baais)

Values received from EC (NLET) laboratory were expressed on a DRY weight basis
and were recalculated to a WET weight basis

Values received from AXYS laboratory were expressed on & WET weight basis

"<value*: under sample detection limit
*(Value)®": Peak detected but did NOT meet quantification criteria ("N DR" for AXYS)

A) Upstream (control) site  Kootenay River at Glade (left bank) — July 16, 1992

EC laboratory AXYS laboratory

EC Norecol EC Norecol
Chlorophenol subsample subsample subsample subsample
2-chlorophenol < 76 < 74 -= o
3--chlorophenol < 38 < 37 - o
4—~chiorophenol < 38 < 37 <0.5 <0.9
2-chloro—5-methylphenol <101 < 98 C ==
2.6—dichlorophenol <25 < 25 <0.5 <0.2
4~chloro—3~-methylphenol <101 < 98 = =I5
2,4—dichlorophenol < 50 < 49 0.5 <0.7
3,5—dichlorophenol < 50 < 49 <0.1 <0.1
2,3—dichlorophenol < 50 < 49 <0.1 <0.1
3,4—dichlorophenol < 50 < 49 <0.08 <0.1
2.4,6 —trichlorophenol < 25 < 25 <0.2 <0.2
2,3,6 ~trichlorop henol < 50 < 49 <0.2 <0.2
2,3,5~trichlorophenol < 50 < 49 <0.3 <0.3
2.4,5-trichlorophenol < 50 < 49 <0.1 <0.1
2,3, 4 -trichlorophenol < 50 < 49 <0.2 <0.2
3.4.5-trichlorophenol < 50 < 49 <0.1 <0.1
2,3,5,6—tetrachlorophenol < 25 < 25 <0.4 <0.3
2,3,4,6—tetrachlorophenol < 25 < 25 <0.5 <0.5
2,3,4,5~tetrachlorophenol < 25 < 25 <0.2 <0.2
Pentachiorophenol < 13 <12 2.6 2.4
B) Downstream site Columbia river at Waneta (left bank) ~ July 15, 1992

EC laboratory AXYS laboratory

EC Norecol EC Norecol
Chlorophenol subsample subsample subsample subsample
2~chlorophenol < 78 < 79 - -
3~chiorophenol < 39 < 39 - Ry
4 ~chlorophenol < 39 < 39 (0.6) <0.6
2~chloro—5—methylphenol <104 <105 - S
2,6—dichlorophenol < 26 < 26 <0.2 <0.5
4 ~chloro—3-methylphenol <104 <105 L =
2.4—dichlorophenol < 52 < 53 <0.2 <0.6
3,5~—dichlorophenol < 52 < 53 <0.2 - <0.2
2.3~dichlorophenol < 52 < 53 <0.2 <0.2
3.4 —dichlorophenol < 52 < 53 <0.1 <0.1
2,4,6~trichlorophenol < 26 < 26 <0.2 <0.2
2,3,6—trichlorophenol < 52 < 53 <0.2 <0.3
2.3,5~trichlorophenol < 52 < 53 <0.3 <0.3
2,4,5~trichlorophenol < 52 < 53 <0.1 <0.2
2.3,4—trichlorophenol < 52 < 53 <0.2 <0.2
3,4,5~—trichlorop henol < 5§52 < 53 <0.1 - <0.2
2,3,5,6—tetrachlorophenol < 26 < 26 <0.3 <0.4
2,3,4 6—tetrachlorophenol < 26 < 26 0.5 <0.5
2,3.4,5-tetrachlorop henol < 26 < 26 <0.2 <0.3
Pentachlorophenol < 13 < 13 6.5 7.4

\
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V. CONCLUSIONS AND RECOMMENDATIONS

For the most part, the data sets for heavy metals and for
dioxins and furans show fair agreement between values obtained by
Environment Canada and Norecol. The data sets for chlorophenols
cannot be compared. In its insect identification data set, Norecol
should have provided the size of its samples (i.e. the raw numbers
of insects counted); this information would allow an assessment of
the apparent differences in species composition between subsamples.

Norecol used procedures which were partly different from those
used by Environment Canada: cloth towels versus air to dry the
cleaned traps, transport in cardboard cartons, and sorting of the
collected insects in a motel room versus a field laboratory. Since
the data from Norecol were fairly similar to those from EC, these
procedural differences did not seem to affect the results.
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INTRODUCTION

In the summer of 1992, Environment Canada collected insect specimens from 11
emergence trap samples placed in the Columbia, Kootenay and Slocan Rivers in southern
British Columbia, as part of the Columbia Monitoring Project. Applied Technical Services
was contracted to provide detailed information on the adult Trichoptera from these samples,

and also to identify as far as possible any other common insect species.

The following brief report describes the materials and methods used in the analyses,
tables of the results and Appendices.

MATERIALS AND METHODS
ng an i ion

Samples were sieved through fine Nitex (133 xm) and rinsed in tap water to remove
preservative. Extreme care was taken not to damage the insects, which are very delicate in
the adult stages. When large numbers of insects wereipresent, the total sample was weighed
on an OHaus electronic balance and a subsample by weight was taken for identification.
After the subsample had been analysed, the entire sample was examined for rare species.

Identifications of Trichoptera to family level were performed using Merritt and
Cummins (1984). Knowledge from other studies performed by Applied Technical Services
(Stallard 1991a,b,c; 1992a,b) on benthos and fish diet in similar areas to the present study
were used for further identification to genﬁs. The specimens were séparﬁted by species and
sex and up to 100 of each type from each sample were sent to the laboratory of Dr. Glen
Wiggins, a world-renowned Trichoptera expert (e.g., Wiggins 1977) for specific identification.
Actual analyses at the Royal Ontario Museum (ROM) in Toronto were performed by Ms.
Pat MacCulloch.

Applied Technical Services October 1992



Columbia Emergence Traps . Page 2

Identifications of other adult insects were performed using Edmunds et al. (1976),
and Merritt and Cummins (1984). Chironomidae, most other Diptera, Aphididae, and other
Homoptera were not further identified. ;

The specimens were preserved in 70% isopropyl alcohol.

Data and Reporting

After receipt of the samples and analyses from the ROM, the data were extrapolated
to total numbers found in each sample, and tabulated. Appendices 1 and 2 contain raw data
(computerised copies of lab sheets) and correspondence with the ROM, respectively.

RESULTS

Table 1 lists the numbers of each species or group of insects identified in the 11
samples. Totals are not given for non-Trichoptera. Table 2 gives the percent composition

of Trichoptera in the samples.

Applied Technical Services October 1992
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Sample 9. Kootenay B. 16 July 1992.

ident : Sex Number
Hydropsychidae f 122
Hydropsychidae m 140
Psychomyia f S1
Psychomyia m 15
Hydroptilidae f 7
Hydroptilidae m 4
Ceraclea f 3
Diptera P
Homoptera i
Petrophila f 9
Petrophila m 3
Lepidostomatidae f 3
Leptoceridae * 1 f 2
Leptoceridae *2 f 3
Leptoceridae *3 f 1
Ephemeroptera P

SS
5.090
5.090

5.090

5.090

— — o e e e e e el sl s med

Total Number
621
713
260
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Sample 11. Kootenay

Ident
Hydropsychidae
Hydropsychidae
Psychomyia
Psychomyia
Hydroptilidae
Hydroptilidae
Diptera
Chironomid
Ephemeroptera
Petrophila
Lepidostomatidae
Leptoceridae *1
Leptoceridae *2
Leptoceridae *3
Ephemeroptera

. 16 July 1992. Norecol.

Sex Number®™ SGo**

{ - 83 74.76
m 17 74.76
f 16.74 74.76
m 1.26 74.76
f 7 1
m 4 1

P 1

P {

9 1
m 3 1
f > 1
f 2 1
T 3 1
f 1 1

P 1

Total Number
6205

1271

1252

" 94

O =~ WM WWWOWO O M

* Uneven numbers caused by extrapolating sex breakdown of 100 animals
¥%* Subsample based on examination of 1.092g out of 81.64 g.
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APPLIED : P.O. Box 514
TECHNICAL Saanichton
SERVICES - British Columbia, VOS 1M0

Tel: (604) 479-1889
FAX: (604) 479-2962

Dr. Glenn Wiggins
Department of Entomology
Royal Ontario Museum
100 Queenspark
Toronto Ontario MSS 2C6
August 12, 1992

Dear Dr. Wiggins:

Enclosed please find the samples of adult Trichoptera from the Columbia system
collected by Environment Canada this July. I have separated them into genera, and have
included fairly large numbers of the important ones; so, although this may look like a lot
of identifications for you, there is a lot of duplication of species. Although I noticed that
there is a large size range of the Hydropsyche, I have assumed that they are all one
species—if not, I'm in trouble!! I have assigned the genera to these adults based on the
genera of larvae I have identified from the same region. I have enclosed a few specimens
of these also, but it is not essential that you look at them. I have also enclosed a
Lepidopteran (Petrophila?). If it is too much trouble to identify this, please ignore it.

My entire budget for this project is only $660.00 ($60 per sample)—if it looks as if
your costs are likely to approach this number, please let me know and I can try and get an
amendment from my Scientific Authority.

A list of the samples I have enclosed are as follows:

1. Slocan River A 9 July 1992 Hydropsyche #3? 2

2. Slocan River B 10 July 1992 Hydropsyche 17
Hydropsyche #2?
Brachycentrus

£ Waneta A 11 July 1992 Glossosoma

4. Arrow Lake, 12 July 1992 Hydropsyche

Syringa Creek Ceraclea

Limnephilidae

=¥ Celgar 13 July 1992 Ceraclea?
Leptoceridae #2
Polycentropodidae
Glossosoma 16

- Hydroptila 18

6. Kootenay River A 14 July Hydropsyche ¢ 100
Hydropsyche & 100
Psychomyia ¢ 100

bt et LA b ek U DD e e



Psychomyia ¢" 40
Leptoceridae #1 (Ceraclea?) 1
Leptoceridae #2 1
Leptoceridae #3 1 -

Hydroptila 4
9. Waneta B . 15 July Hydropsyche ¢ - 100
Hydropsyche ¢ 100
Psychomyia ¢ 51
Psychomyia ¢ 15
Hydroptila 7
Leptoceridae #1 2
Leptoceridae #2 3
Leptoceridae #3 1

Brachycentrus? 3

11.  Kootenay River 16 July Hydropsyche 100
Psychomyia 100
Hydroptila 56
Petrophila 53

As I already mentioned, there is a lot of duplication, and, as far as I know, it's the common
species that Environment Canada is interested in. They sent me only a subsample of the
collected insects; the remainder are being analysed for pollutants. My function was to
separate the species and have them identified. I, however, am always interested to know
all the species I see!

If you can recommend any publications which would assist me in my identifications
of British Columbia Trichoptera, I would be grateful. I have only recently become involved
in analyses of freshwater benthic invertebrates, although I have been involved in
identifications of marine and freshwater zooplankton and fish for over 15 years. Since this
is a new field for me, and since many of the publications are unavailable, even in libraries,
it is very difficult to get hold of some of the articles and books. (I do, of course, have a
copy of your key to the larvae.)

I hope to hear from you soon with the results of these identifications (my deadline
for reporting is 15 September), and I would appreciate it if you could return the samples to
me at your convenience (collect). If you wish to keep any of the specimens for you own
colelction, please feel free. Thank you for your assistance.

Sincerely

Nell Stallard, M.Sc.
Manager



i 100 Queen's Park !
Royal Ontario Museum. S e ' RO M
Musée royal de I’Ontario Canada MSS 2C6 L
Entomology 416-586-5532
! FAX 416-586-5863

September 29, 1992

Ms, Nell Stallard, Manager
Applied Technical Services
P.O. Box 514

Saanichton, British Columbia
VoS 1M0

Dear Nell:

I hope the identifications reached you in time for your deadline, There was a little confusion
between the labels in the vials and your typed locality list for # 9 - either Kootenay B or Waneta B -
but # 9 nonetheless,

It is always interesting to see British Columbia Trichoptera, although most are representatives of
widespread Nearctic or western Nearctic species. As far as publications for that fauna are concerned,
the literature is scattered as you probably realize, and not really regional. Schmid 1980 (Genera des
Trichoptéres du Canada et des Etats adjacents) part 7 of the Agriculture Canada series is out of print,
but if you can get hold of a copy it is the only comprehensive treatment of northern genera. To find
keys to species (particularly western species) is another story altogether. You could write to Dr. Andrew
P. Nimmo, Department of Entomology, University of Alberta, Edmonton, Alberta, T6G 2E3. I believe
he has a good handle on the available literature and he might be able to advise you.

I am enclosing our invoice for 12 hours of identification work. We would normally expect to charge
$50.00 per hour for commercial identifications, but obviously you did not anticipate the time involved
in sorting and specimen preparation, so we’ll absorb some of the expense at this end. If you have more
contracts of this sort, I might be able to help you locate an appropriate consultant.

I would be interested in the results of the pollutant absorption studies. Do you know whether they
are studying effects on larvac as well as adults?

The specimens are being returned via courier-collect, as per your suggestion.
Best of luck to you, and let me know if we can be of future help.

Yours sincerely,

fat Fae Ctllrel

Patricia W. MacCulloch
Curatorial Assistant
Department of Entomology

encl
PWM/ar



Slocan River A 9 July 1992 Arctopsyche grandis.Banks 10, 19

Slocan River B 167 July 1992 Hydropsyche oslari Banks 10, 139
3 Hydropsyche amblis Ross 3Q
167 July 1992  Cheumatopsyche sp. 19
167 July 1992 Lepidostoma pluviale (Milne) 1d
Waneta A 11 July 1992 Glossosoma montana Ross 2d
Arrow Lake 12 July 1992 Hydropsyche Q_a_].m Banks 19
Syringa Creek Hydropsyche occidentalis Banks 49
Ceraclea sp. : 10
Ecclisomyia (prob. comspersa) 10
Celgar 13 July 1992 Ceraclea sp. - 5Q
Mystacides (prob. sepulchralis) 10
Polycentropus (prob. cinereus) 19
Glossosoma montana Ross 9, 79
Hydroptila sp. 189
Psychomyia flavida Hagen . 19
Kootenay River A. 14 July 1992 Hydropsyche occidentalis Banks 79
Cheumatopsyche campyla Ross 429
Hydropsyche occidentalis Banks 6c
Cheumatopsyche campyla Ross 160
Psychomyia flavida Hagen >50Q
Psychomyia flavida Hagen <500
ecetis sp. f 19
Mystacides :
alafimbriata Hill-Griffin 1o
Ceraclea
(prob. annulicornis) 1o

Hydrogtila_ wyomia Denning 10, (49)



S. Kootenay B (labels in vials)

115 Kootenay River

Larvae

MW230F069

MW240F070

MW230F069 .
MW500F0357
MWBOFO17

MWI96EC4384

16 July 1992

March 1992

March 1992

March 1992
March 1992
March 1992

July 1992

Hvdropsvyche gggiggntalis Banks
Cheumatopsyche campyla Ross
Ceraclea sp.

Hydropsyche occientalis ﬁanks
Hydropsyche oslari Banks
Cheumatopsyche campyla Ross
Psychomyia flavida Hagen

Psychomyia flavida Hagen

Mystacides
alafimbriata Hill-Griffen

Oecetis avara (Banks)
Lepidostoma spp.

Hydropsyche gcgidéntalig Banks
Cheumatopsyche campyla Ross

Psychomyia flavida Hagen
dro a sp.

Ithytrichia ?

Protoptila sp.

349
919
19
360
1000
all @
15¢
1o
20
lo
69

29

1, 29
1¢
19 + 29

3g, 159
80, 739

all dd, 99
279
19
10

Did not identify Petrophila specimens

Hydropsyche (prob. centra)
Hydropsyche sp.

Brachycentrus sp.
Ceraclea sp.

Brachycentrus sp.
QLQ§§O§OEB. Sp.
Psychomyia sp.

Ochrotrichia sp.



