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Annomauyus. OLeHKa KauecTBa MOBEPXHOCTHBIX BOA Ha OCHOBe obmedeaeparbhbix [TAK moAHOCTBIO
UTHOPUPYET HE TOABKO YHMKAABHOCTb BOAOCOOPOB, HO 1 UX €CTECTBEHHOE IIPUPOAHOE pasHooOpasiue.
BosHukaeT npoTuBopeune, KOrAa KOHLEHTPALMM HEKOTOPBIX XMMUYECKIUX BELeCTB, IPY KOTOPBIX 0becreyeHa
YCTOMNYUBOCTb CAOKMBILMXCST OMOLIEHO30B, HE COOTBETCTBYIOT NPEAEABHO AOMYCTMMBIM KOHLIEHTPaLMsIM
AASI BOAOEMOB pbI00X035111CTBeHHOTO ucroAb3oBauus (ITAKpx), sSIBASIIOIIMMCST HOpMaTUBaMU TIPU
PeryAupoBaHIM KaueCTBa BOA IIPAKTUYECKY BCEX BOAHBIX 00beKTOB Poccun. AKTYaAbHOCTb ICCAGAOBAHMS
00ycAOBA€HA HEOOXOAMMOCTBIO coBeplieHCTBOBaHMsI cucTeMbl ITAK AAsT BOAHBIX 0OBEKTOB, MMEIOLIX
PpbI60X0351/ICTBEHHOE 3HaUeHMe. Ha OCHOBE AQHHBIX TUAPOXMMUIECKOTO MOHUTOPUHI'A BIIEPBBIE TPEACTABAEHBI
Pe3yABTaThl PACIETOB PETMOHAABHBIX MPEACABHO AOYCTUMBbIX KoHLeHTpauuii (TTAK, . ) MeTaaA0B B Boae
BOAHBIX 00'bEKTOB (03€ep 1 PeK), pacrioAokeHHbIX Ha Tepputopun CeBepo-3amapHoro pernoHa Poccun (pexn
Boapurast HeBa, CaaBsiHka, [1atocca, Byokca, Ayra, Beauxas, Hapsa; ozepa Vabmens, Vimanapa, Onexckoe,
ITcxoBckoe). Pacyersl BeimoAHeHbI TpeMs pasanuHbiMu Metopamu: C. A. TTatuna, A. I. 3amoropumkoBa
n E. B. Benunuanosa c coaBTopamu. B pacueTtax o metoay C. A. ITaTuHa 1CITOAB30BAANCh ABA TIOKAQ3aTeAsI —
CPeAHSISI KOHLIEHTPALVSI XMMIYECKOTO SAEMEHTA 32 PACCMATPMBAEMBIN IIEPUOA Y CTAHAAPTHOE OTKAOHEHME.
PacueTsl no MeToay A. I. 3amMoA0AUMKOBa 0231POBAANCH Ha IIOKA3aTEASIX BEPXHETO 1 HIDKHETO KBapTUAEN
pacnpepeaenusi. B pacuetax mo metoay E. B. BennijmanoBa 1 coaBTOpOB IMPUMEHSANCH 00beM BBIOOPKU,
BEPXHMUI KBapPTUADb PacIpeAeAeHUs U CPeAHEKBAaApPAaTUUeCKOe OTKAOHEHMe AASl KBaHTUAS nopsaka 0,75.
Ha ocHoOBe npuHLMIIA CAHUTAPHOIO MAaKCMMAaAM3Ma BBIABAEH HAMAYYIINI METOA pacyeTa PerrOHaAbHBIX
MIPEAEABHO AOIYCTMMBIX KOHLIEHTPaLMII METAAAOB — MeTOA, paspaboranubii E. B. BenuiimaHoBsim
M COABTOPaMMU. YCTaHOBAEHA BBICOKAsI TECHOTA CBSI3U MEXKAY HATYPAABHBIMU AOTapupMaMy PErMOHAAbBHBIX
MIPEAEABHO AOITYCTMMBIX KOHLIEHTPALMil METAaAAOB B BOAOEMAX 1 BopoToKax CeBep-3amapHOTO permoHa
Poccun 1 HaTypaAbHBIMM AOTapridMaMy MX KAAPKOB B 3 MHOJ KOpe.

Karouesnte croBa: BopHbIe 00BEKTHI, METAAADI, SKOAOTMYECKOE€ HOPMUPOBaHME, IPUHLUII CAHUTAPHOTO
MaKCHMaAU3Ma, KAAPKK
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Abstract. The assessment of surface water quality based on federal Maximum Permissible Concentrations
(MPCs) entirely disregards not only the uniqueness of watersheds, but also their natural diversity. A contradiction
arises when the concentrations of certain chemicals, which support the stability of established biocenoses,
do not correspond to fishery-specific MPCs (MPCf) that serve as regulatory standards for the quality
of nearly all water bodies in Russia. The relevance of this study stems from the need to improve the MPC
system for water bodies of fishery significance. Using data from hydrochemical monitoring, this paper
presents — for the first time — calculated regional maximum permissible concentrations (MPCREG) for
metals in the waters of rivers and lakes located in the Northwestern Federal District of Russia. The studied
water bodies include the rivers Bolshaya Neva, Slavyanka, Plyussa, Vuoksa, Luga, Velikaya, and Narva, as well
as lakes Ilmen, Imandra, Onega, and Pskov. Calculations were performed using three distinct methodologies:
those of S. A. Patin, D. G. Zamolodchikov, and E. V. Venitsianov and colleagues. The Patin method is based
on two indicators: the mean concentration of a chemical element for the study period and the standard
deviation. The Zamolodchikov method utilizes the upper and lower quartiles of the distribution. The method
proposed by Venitsianov and his colleagues employes sample size, the upper quartile of the distribution,
and the standard deviation for a quantile of approximately 0.75. Based on the principle of sanitary maximalism,
the optimal method for calculating regional MPCs for metals has been identified — the methodology
developed by E. V. Venitsianov and co-authors. A high correlation has been established between the natural
logarithms of the regional MPCs for metals in the water bodies and watercourses of the Northwestern
Federal District of Russia and the natural logarithms of their clarkes in the Earth’s crust.

Keywords: water bodies, metals, environmental regulation, principle of sanitary maximalism, clarkes

BBepenue

[Tpeaeabno pomyctumasi KonueHTpanus (TTAK)
3arpsASHAIOIINX BEI[ECTB B BOAHBIX 00bEKTaX — 3TO
«KOHLEHTPALVSI BELIECTBA B BOAE, TIPY TIOBBIILIEHUN
KOTOPO BOAQ CTAHOBUTCSI HEIIPUTOAHOI AAST OA-
HOT'O AU HECKOABKUX BUAOB BOAOITOAb30BAHMSI»
(Aearo 1989).

Co BpeMeHeM «CTaAO OYEBUAHDIM, 4TO TPebo-
BaHISI K KQUEeCTBY BOABI, TOTPEOASIEMOI pasHbIMU
OTPACASIMM IIPOMBILIAEHHOCTY, MOT'YT CYLI€CTBEH-
HO pa3AMYaThCsl. DTO MPUBEAO K PA3BUTUIO CAMO-
CTOSATEABHOIT CHCTEMBI PbIOOX03SICTBEHHBIX H,A,KPX,
HAIpaBAEHHOI Ha OXPaHy BOAOEMOB KakK 0a3bl AAS
opraHmsanuy pribOBOACTBA 1 PHIOOAOBCTBA» (Baa-
AUMUPOB U Ap. 1991).
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ITpumepno ¢ 1990-x ropos cuctema ITAK,
MIOABEPraeTCsl apryMEHTUPOBAHHO KPUTHUKE, TTOA-
POOHO UBAOXKEHHO B psiae pabot (BoakoB u Ap.
1996; l'arapuna 2012; Amutpuen 1994; AeBuy,
Tepexun 1997; AozoBuk 1998; Puicuuk u Ap. 2013;
Crpoxos 2014; ®pymun 1998; 2015). K npumepy,
deaepanbubie [TAK,  He yuuTbiBaoT crietuduxy
(YHKLMOHVPOBAHMSI BOAHBIX 9KOCHUCTEM B pas-
AVYHBIX IPUPOAHO-KAUMATUYECKMX 30HaX (IIMPOT-
Has1 U BEPTUKAABHAS 30HAABHOCTb) 1 OMOT€0XUMI-
YeCKIX MPOBUHLVSIX (€CTECTBEHHBIE FTEOXUMUYECKIEe
QHOMaAMU C PAa3AMYHBIM YPOBHEM COAEP KaHMsI
MPUPOAHBIX COEAMHEHU).

B Poccuuy, o cpaBHEHMIO C APYTMMMU CTPaHAMU
(CIIIA, EC) (Canadian Water Quality Guidelines...
2004; Environmental Quality Objectives... 2001),
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YCTaHOBAEHbI OYeHb KeCTKIE HOPMATUBbI AASI MEAH,
BaHaAMsI, MAapTaHIa.

AKTyaABHOCTb MCCAEAOBaHMsI O0YCAOBAEHA
HEOOXOAVMOCTBIO COBEPIIEHCTBOBAHMS CUCTEMBI
ITAK AAST BOAHBIX OOBEKTOB, UMEKIIUX PhIOOXO-
3sICTBeHHOe 3HaueHue. Lleab paboThl 3aKAI0YAAAC
B 00OCHOBaHMM PETVIOHAABHBIX IIPEAEABHO AOITY-
crumbix KoHueHtpauuit (ITAKPEI) metaaaoB
(MpUOPUTETHBIX 3arpsI3HSIOLINX BELECTB) B BOAE
BOAHBIX 00beKTOB (BOAOeMOB 1 BOAOTOKOB) CeBe-
po-3amapHoro pernona Poccum.

MeTO,A,bI NCCACAOBAHNA

Aasi pacueToB ITAK, . 6bIAM MCTIOAB30BaHbI TPU
PasAMYHBIX METOAQ, paspaboTanubix C. A. ITaTuHbIM
(TTatun 1979), A. T. 3aMOAOAYMKOBBIM (3aMOAOA-
yukoB 1993) u E. B. BeHu1[1aHOBBIM C COABTOpaMM
(BenurimanoB u Ap. 2015) (tab6a. 1). B Poccun
Y 32 PYOE)KOM BBIAEASIIOTCST Pa3AMYHBIE TIOAXOABI
K PerOHaAbHOMY HOPMMPOBAHMIO KaUeCTBa BOABI
(Crommentuijn et al. 2000).

B pacuerax no metopay E. B. Benuunanosa
1 COAaBTOPOB MPUMEHSIAUCH 00beM BBIOOPKI, BEPX-
HUII KBapTUAb paclipeAeAeHUsI U CpeAHEeKBaApa-
TUYECKOE OTKAOHEHME AASI KBAHTUAS Topsipka 0,75.
Caepayert Taioke oTMeTUTD, 4yTO B CIIIA B KauecTBe

«KEAATEAbHOI'0» IIOKA3aTEAsI Ka4eCTBa BOADI TaK-
Ke MCIIOAB3YeTCsl KBaHTUAD Hopsiaka 0,75 (Gibson
et al. 2000).

Pe3yAbTaThl U UX 00CYKAEHUE

MartemaTuuecke MOAEAY, NIPUBEAEHHbIe
B TabA. 1, 6b1AM puMeHeHbI AAs pacueToB [TAK,
B BOAE Pa3AMYHBIX BOAHBIX 00beKTOB CeBepo-3a-
napHoro peruoHa Poccuu. Aas maarocTpauun
IPUBOAUM TaOAULY 2, TA€ AASI IIOCAEAYIOIIETO
aHaAM3a ObIAM A0OaBAeHbI 3HaUYeHus [TAK meTaa-
AOB AASI PBIOOXO035/ICTBEHHBIX BOAHBIX 00BEKTOB
(ITAK,,) (Illnaenxo n ap. 1999) u cpepHee co-
A€p>KaHle METAAAOB B 3€MHOII Kope (KAapKnu)
(OBunHHUKOB 1990).

[TpuBeaeHHbIe B TAOAMLIE 2 pE3YABTATHI PACIETOB
ITAK, ., CBMAETEABCTBYIOT O CYI|ECTBEHHBIX pa3-
AVYMAX 3TUX BEAVUMH B 3aBUCUMOCTH OT METOAQ
pacuera. Kak BUAHO U3 TaOAUIIBI 2, HAMMEHbIIIVE
BeAanunHbl [TAK = 3aduKCHPOBaHbI AAST KQXKAOTO
113 CEM} paCCMOTPEHHBIX METAAAOB TPV IIPYIMEHe-
Huu Metopa E. B. Benuimanosa ¢ coaBTopamu.

3A€eCb YMECTHO HAIOMHUTD O IPMHLYIIE «CAHU-
TapHOT0 MaKCHMMaAM3Ma», KOTAQ BCE HEOTIPEAEAEH-
HOCTU ¥l HEOAHO3HAQUHOCTY TPAKTYIOTCSI B CTOPOHY
cHKeHus nokasareas (Bosuak, Aemvxun 2018).

Taba. 1. MaremaTuueckue MOAEAU AASI PaCU€TOB PETMOHAABHDBIX IIPEAEADHO AOITYCTUMbIX KOHLIEHTpaLU/II;[

ABTOpBI METOAQ

Moaeab

1_[’AI<PEI‘

C. A. INaTtun

=Cp+ 20, C, — CpPeAHss KOHLIEHTpauus, MKTI/AM?,
0 — CTaHAAQPTHOE OTKAOHEHMe

A. I. 3aM0OAOAUMKOB

ITAK PET = BK + 1,5(BK — HK), BK 1 HK — BepxHuI1 1 HY>KHUIT KBaPTUAK
pacrnpeaeAeHust

E. B. BeHu1jaHoB 1 COaBTOPbI

ITAK PET = BK - 2,96/YN, N — 06bem BoI60pKU

Table 1. Mathematical models for calculating regional maximum permissible concentrations

Authors of the method

Model

S. A. Patin

MPCREG = C_mean + 20, where C_mean is the mean concentration
(pg/dm?), o is the standard deviation.

D. G. Zamolodchikov

MPCREG = Q_high + 1.5(Q_high — Q_low), where Q_high and Q_low are
the upper and lower quartiles of the distribution.

E. V. Venitsianov and co-authors

MPCREG = Q_high — 2.90 / YN, where N is the sample size.

TabA. 2. PernoHaAbHbIE KOHLIEHTPALIMY [IPEAEABHO AOITYCTUMBIX KOHLIEHTPALIMII METAAAOB B 03epe VIAbMeHb, MKI/AM?

ABTOp(BI) METOAQ / METAAABI Fe oo Cu Pb Mn Cd Co Cr3*
C. A. Tlatuun 673 6,84 5,88 101,8 0,82 15,53 6,87
A. T. 3aM0A0AUMKOB 835 8,68 4,59 98,05 1,16 18,3 9,11
E. B. BeHuijaHoB 1 COaBTOPbI 455 3,942 1,539 41,2 0,43 4,84 2,64
ITAK, 100 1 6 10 1 10 70
Kaapk, mMr/xr 53,3 0,053 0,013 0,9 0,00017 0,023 0,093
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Table 2. Regional maximum permissible concentrations of metals in Lake Ilmen, pg/dm?

Author(s) of the method / Metals | Fe(total) Cu Pb Mn Cd Co Cr3*
S. A. Patin 673 6.84 5.88 101.8 0.82 15.53 6.87
D. G. Zamolodchikov 835 8.68 4.59 98.05 1.16 18.30 9.11
E. V. Venitsianov and co-authors 455 3.942 1.539 41.2 0.43 4.84 2.64
MPCf 100 1 6 10 1 10 70

Clarke, mg/kg 53.3 0.053 0.013 0.9 0.00017 0.023 0.093

VIHbIMM CAOBaMM, B KQUECTBE HAMAYYIIIETO METOAA
pacueroB [TAK, .. caeayeT paccmaTpuBaTb METOA
E. B. BeHuiimaHoBa ¢ coaBTOpaMu.

COOTHOLIIEHVS] MEXXAY HATypPaAbHBIMU AOTapud-
mamu [TAKPET u HatypaabHBIMM AorapupmMamu
KAQpKOB METAAAOB (I/KT) B 3eMHOI1 KOpe IpuBe-
AEHBI B TabAULIE 3.

3aKAYeHue

Hanboaee cyiecTBeHHbINT HEAOCTATOK CHUC-
tembl [TAK, — orcyrcTBMe yyeTa mpupoAHO-
KAMMAaTUYEeCKMX 0COOeHHOCTell BOAOCOOPOB

KOHKPETHBIX BOAHBIX 00bEKTOB. DTa CUCTEMA
He yuyuThiBaeT creyuduky GyHKLMOHNPOBAHUSA
BOAHBIX 00'bEKTOB B Pa3AUYHBIX IPUPOAHO-KAM-
MaTMYeCKUX 30HaX (LIMPOTHAasI ¥ BEPTUKAABHAs
30HAABHOCTBD) U1 OMOreOXMMUYECKIX IIPOBUHLIMSIX
(ecTecTBeHHbIE TeOXMMUYECKII€ AHOMAAWM C pa3-
AVIYHBIM YPOBHEM COAEP>KaHUs IPUPOAHBIX COEAU-
HEeHMIT), & 3BHAYUT, U X TOKCUKOPE3NCTEHTHOCTD.
VIHpIMU cAOBaMH, cucTema obiedeseparbHbIX
ITAK He yunTbIBaeT pernoHaAbHble 0COOEHHOCTH
BOAHBIX OO'bEKTOB.

B nccaep0BaHMAX pa3sAMYHBIX aBTOPOB IIPEA-
AO>KEHBI METOABI pacueToB permoHaAbHbIX [TAK

TabA. 3. CoOTHOIIEHNSI MEXAY HATYPAaAbHBIMM AOTapUpMaMy PErMOHAABHBIX IPEAEABHO AOITYCTMMBIX KOHL[EHTPaLIMil
METAaAAOB B BOAE BOAHBIX 00'bEKTOB M HATYPAABHBIMU AOTapudMaMu UX KAAPKOB B 3eMHOII KOpe

BoaHbIil 00bEeKT

MoaeAb

TecHora cBsi3u

In(IT =
Pexa boabiiras Hesa n(TTAK,)

2,981 + 0,4In(kAapx)
n=5r=0,98r>=0,90=0,50F,/F =79

Becbma BbhicOKas

Pexa CaaBgHKa In(TTAKp;) =

2,853 + 0,36In(xaapk)
n=9r=089r=0790=065F,/F =52

Bricokast

Pexa I'larocca

In(ITAK, ) = 4,289 +0,68In(xAapk)
n=6r=099r>=0,98 c=040F,/F =387

Becbma BbhicOKas

Pexa Byoxkca

In(ITAK,,,) = 2,391 + 0,49In(xAapx)
n=5r=097r2=094 =066 F,/F, =64

BecbMma BpicOKas

Pexa Ayra

In(ITAK,,,) = 4,142 + 0,51In(xAapx)
n=5r=0,99r? =098 c=043F, /F =16,6

Becbma BbhicOKas

Peka Beaukast

In(ITAK,,,,) = 3,522 + 0,45In(xaapx)
n=6r 0,99r> =0,98 0=0,13 FP/FT =152,4

BecbMma BpicOKas

Pexa Hapsa

In (TTAK,;,) = 2,853 + 0,358In(xAapx)
n=6r=09 r’=092 0=045 F,/F =79

Becbma BbhicOKas

Osepo ViabMmeHb

In(ITAK,,,) = 3,392 + 0,57In (xAapK)
n=7r=096r2=0920=070 F/F, =100

BecbMa BpicOKas

ITckoBckoe o3epo

In(TTAK,,,) = 3,419 + 0,47In (xAapK)
n=6r=0,97 r*=0940=0,61F,/F =82

Becbma BbhicOKas

Osepo Vimanpapa

In(ITAK,,,,) = 2,286 + 0,28In(xaapx)
n=6r=097 r*=0940=061F/F =46

BecbMa BpicOKas

OHesxcKoe 03€epo

In(ITAK,,,) = -2,674 + 0,674In(xAapk)
n=9r=093 1?=0,860 = 041 F,/F_=214

Becbma BbhicOKas

TIpumeyanus: n — KOAUYECTBO METAAAOB, I — K03 buLmeHT KoppeAsiuun, r> — Ko3pULMEeHT AeTepMUHALINN, G — CTaH-
AapTHas oumbxa, F — pacuerHoe 3nayenue kpurepus ®uurepa, F . — Tabanynoe 3HaueHue kputepus duurepa nmpu ypos-
He 3HauuMocTu 95 %. [IprBepeHHbIe 3aBUCUMOCTY aAE€KBATHbI (FP > FT) U IOA€3HBI AASL IPEACKa3aHus BeanuuH [TAK . aas

Apyrux metaaaos (F,/F > 4) (Apeimep, Cvut 1986).
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Table 3. Relationships between the natural logarithms of regional maximum permissible concentrations of metals
in water bodies and the natural logarithms of their clarkes in the Earth’s crust

Water Body Model Correlation
Bolshaya Neva River lnn(:NSIT’rCEJéEE)B,:rE ':9%.19’5,0(;4:13.(2}?11;;)& ~79 very high
e LT YL [
Plyussa River he 61 = 0991 0,98, - 040, Fy P, = 387 very high
L
Luga River b 090, 080 2 érl(glag:(/% - 166 very high
Velikaya River ey D90t 008, e énl(glaFr:(/eF)T - 1524 very high
e T T I o
Lake lImen DT G96t= 09% 0 s 5117(81?:(/61% =100 very high
Lake Pskov Ln(:NéPrC a gg;):rgf&lo;f érgflag:(/% =82 very high
T
e T B

Notes: Here, n is the number of metals, r is the correlation coefficient, r?is the determination coefficient, o is the standard error,
F is the calculated value of the Fisher criterion, and F is the tabulated value of the Fisher criterion at a 95% significance level.

e presented relationships are adequate (F, > F.) and useful for predicting the MPCREG values for other metals (F,/F > 4)
(Drape, Smith 1986, 366).
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