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@) HKE=FVTOREMLLES

REE®=F Y 7OREEEFHEITHE . FEAITBIT LY = EREIC L KkE=42V
YT PN ATEH T A AL, BRI L 07 — 2 A EK D,

(5) MEHHIBIEDOEA

Assaluyeh Ml TiZ, PEFEHIMOILRIZ LD REZEOHRMREIND Z b, REH
Bl EDOHANE BN —ACTHRFT2 2L &7 5,

(6) E=FV 7 HROEERREDOR

X VR BRBEEH OO, BEONBICIESE, @t =X ) SO/ E &
MW HRTT 5,
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N EHTREIEESEZLL TS, £F0T7 7 a7 70 2E£ 9510077,

95.1. AMWE (MOP)

FiHE (MOP) (i HEE SO AR DR LICAR B~ 2 % — 7 o DT TH Y . T
OEE A MY AS(AH)~OEHE, XRZE L CHEAMT ARERMIC L DR T T OHelE
XL, ~AX =TT U OEMICEE L, MOP NEIT X FIHILLFO®@Y THDH, 28,
A~ A% —7"7 1%, MOP FE(Z X % B[EE At B, S OICFEFEMMKETH D
PMO. DOE %0 b7 5 I TREBRZMm L, BT LHHD LT 5,

A 1y S HUIER oD I ORI 0D Y AR D0 0D PR
TR B TSR BRI AR D T, BREORE

TRE H = s AR ) 0D it

o JHIR ORI AR O A EE
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OSRP D&, sRfbEHE D75

JHE HH = 5 1B SR D A b
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HEE & DU

© O e

®e e

9.5.2. Mahshahr

Mahshahr it C I3 3517 2 i HH oS 2 5592 PMO 0 it 32 R 203 RIS o0 4 il
MES O EEEZ T, Tier 1 OMEHES OIS 2 D KHI N EHE S TW5D, 1o T,
PETZONE OHIS AR (EIEHIRX OEe3E) #2725 TTPC OB LR O WXL T &
V. PMO ~DHHIEH, IRNOHETH D, TTPC DY~ A Z —TFF U OIFEHEBIILL T D@
nTHD,

@O BFfF OSRP ® L b = — K UL,
©® #HE.
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9.5.3. Khark &

Khark & T3 %24 TH % 100C OV 1OTC 23R HEF B O %G 2702 L, 100C (X F4ED
PEENEIE A TR D FEAR OSRP 2K E L TV DA, Khark #HEOJFIHAE T T » b7 4 — A
Mz tGr b L7 Tier LOSRP O ENBRR L 725> T 5, —J7, ITOC 1L R Y4 4 2 J5
H & —= f/vmﬁ@%%@iﬁ@ OSRP(R)ZHE L. *tEHM OHEfF 21D T 5, 4. 100C
@ OSRP & O, HAIZHITIZFFENTOND, ~AX—T 7 BT D EAOIEEIEH X
LIFO@y Th o,

(1) 100C

O© MRS D U X7 i kOB At 2 5B O R

@ WP R D FEAHREE DK E

@ OSRP O E

- ¥E EJFGMAPE Y »~ b7 4 — 2 (Aboozar, Foroozan)
- Khark % (Dorood 1, 2)

o S E RS O

HE. s

T E H -5 oD T 15 6 5K

FEG S O U

OSRP D 7GR

CESECRGNC)

) 10TC

OSRP(R)D L b =—, kil (I00C L O, A% ETe)
RIS ERA GBI O E

OSRP DK

HE, IR

i Sl oD Bh xR

I & O Ui

CRONCHCNCRG

9.5.4. Assaluyeh

Assaluyeh Hiijs Cl% PSEEZ O #LGL sk (=7 & — MHATH SPM 25 T) A4
% TTPC 2N HE S Ox G2 Y L, BEIC OSRP(R)ZHRE L T\ 5, Rlko~ A % —7
ZAZEBIT A TTPC OIEENZIXLL TR E EN D,

L HFE D U 2 7 54 e OBRBi AL 2 B ORIl
BEfF OSRP @ L B = — #ifk

PPN -3 7% BNCI=Y)1) [OF i be A

HE. I
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©® oo
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fEE] chE] £
a7 75 cwsm | UED e | i e | to | i
2014% [ 2015% [ 2016% [ 2017% [ 2018%F [ 2019%F [ 2020%F |
[ IREEEH ]
1. HSEBE{AH| D EHEE
1-1 BhAOBBART OHRE 7.3.1 HSE-MOP
1-2 AIMEHSER DR RERDENRIL 7.3.1 HSE-MOP
1-3HSEBBICHE T2 FELERENRINBEESR 7.3.1 HSE-MOP
1-4 BMAHSERDEBEARF DOHEE 7.3.1
1) BBFEOZES~DEEREDTS 7.3.1 HSE-MOP
2) BBE=RIVIVRTLOHE
- HABEBE-RULT VAT LOFIEL HSE-MOP <BNE=4YLJICETIHEBE
- HABBESSULTLRT AORALETEEAOEL 732 it —BE=5ULY WY SNESRE
- MEBREE=FULT O RTLOER V- EEE —BRE=2)UJ BT HEBR
- HEBBE-SILTORTLADSM BEa <BME=4ULJICETIHEBE
1-5 RBEEEOEREZE
1) IPSOEH
- IPSEHOAHADRE 731 HSE-MOP
- IPSEHICHEFIFROIVE L EHEH 2%t
2) BELEOBREFREOERRK RO
VU EBEAORBEREZFRROTMICET IERDEZE 7.3.1 HSE-MOP
-V —URNORED T L DBEREERCK R O D EHE - EEE
1-6 HSEEMEAHI DS
- ERBORLHEDORELESBILLICAT b TIZEZA(=STT4T 731 A
- RBBOFEHEEORBELESBILITAF M TIZEEA=0T7T4T U EEE
- RBEBOFEHEEORBELESBIITAF M TIZEZI=0TT4T BER
2. HSEX L R DR
2-1 HSEXL B DA A HEDIRR 7.3.1 HSE-MOP
2-2 £ 1Z &K BHSEE SR KR O FHE R #E 7.3.1 HSE-MOP —#HL TEHEZREL TLC
A%t
2-3 ML A TORRE - EEDRE
1) HAHSEBE LR TLDEEDIT 7.3.1 HSE-MOP
2) Bl HRABEICLIMEHSEE BV RT LD T YRTSHOT(RADEE
- JYRTSH T4 RIZET 2 EHINE HSE-MOP —LIE . #%
- JIRTSOTARICETHEHINEL R TEEADHFORE 7.3.1 2Ntt — LB, #
- JIRTSHOTARICET HBHIRELY —V RO BELEADHBEDORE J—UEEE — LB, #
- JIRTSHOTARICET HBHUNEL L ERNTOEBF DR BER — LB, #
3) INT =T FEEDIRHE HSE-MOP —BAIHSEDH, R IZfDEBAI=HIET . LT
231 2Ntt —BIIHSEDH, R IDEMIHET . #EELTLK
V- EERE —BAIIHSEDH, B2 IHDIBMIHIEH ., #EEL T
RER —BAIIHSEDH., B2 IHDIBMIHIEH ., #EEL T
3. BMERICHITHREREIFHELIRFORE
3-1 BiM-AREENIETFTILHEDHDEHEDHEHDIEE 231 HSE-MOP
A%t
32— IR R AV AR DFHIEL 7.3.1 HSE-MOP
33 BENT—RIyTICESCGREEEOER
- BEHENOIO——EHHIBFRO Ty TOER 7.3.1 VU EBE
- BTG RAMEORET IR SHICET MRz M BER
341 DD I EMMNTORBRFNDI-HDHERDBA
- BRERHOHEL HSE-MOP
- EF UM TORBRFIDRITIZA - (S EEORED 732 T
- ET IV TORERFOHT V- BEE
- EF LB TORERF O BEER AT -E=2) T T—2DER BERM
4. BREHDEEE
4-1 BEREOAENSDBERDRELAILOERE 7.3.1 HSE-MOP
4-2 BEARFEIRO=0 D LHRMOEA HSE-MOP —IE A FHIBENICBE T oHES R
5 i ~EAABMREAIET SMESR
RERY IR AFHIBE NI oIt R
4-3 REBRE~DERE S DZR Ol 7.3.1
5. EIAZRMEFIEDSE
5-1 FHEEITHELEZEIAT ARSIV RUF I REDIERL 731 HSE-MOP —EIAIZEY 5828 R
732 N —EIAIZBAT B iE SR
5-2 BMEEITHHE L BB IR R 2 ETE (SEA) H AR S AV DR 731 HSE-MOP —EIAIZBi Y 2% SR
732 N —EIAIZBAY B iE SR
5-3 BMERIFELI-EEOH KM FE (CSR) FIREDIER 731 HSE-MOP —EIAIZEET 58288
732 N —EIAICBAY B HE SR
6. TRTOLANILTOREHRAHKDIRE
6-1 BEOREHERVBEZEEDRE HSE-MOP
731 At
VU EBE
RERYM
6-2 HE -HETOISLOFE HSE-MOP
731 At
V- BEE
RERY




#£9.3-1 KKUBERMBLEDI-ODTI ATV

a8 rh EH#
W7 923 %Egiligﬁﬁ HITHE 113§SEE I 123§4E¢ 133§SE££ I 143§GE££ 153§7E¢ I faﬁsgﬁ I 173§9§¢
2014% [ 20155 [ 2016%F | 2017% [ 2018%F [ 2019%F [ 2020%F |
REBFRMIE
1. Mahshahr 7.4.2(2) NPC/PSEZ/Company
(1) SRUEIZHTHIRRE. FLRRDOIEE HSE/Eng/Ope
(2) BFEYHEOHHRRUHHEDE HSE/Eng/Ope
(3) REFLDRER DR HSE/Eng/Ope
(4) BB X RA S OB (BHHEE, BERH) HSE/Eng/Ope
6) BEZEOBRFHBEEDHRE HSE/Eng/Ope
(6) NERMBRRBF LT RDEE HSE/Eng
- BRHA R BEMEOHIR
- ILT7HREDHIE
- ILTREVY DR EORE
(7) RRBERABEDRE HSE/Eng
- ERNRBRRORE, HE
8) BXFHDER HSE/Eng
(9) FHERME (Rat, EMIE, BN HSE/Eng
2. Khark & 7.4.2(2) NIOC/IOOC
1) HEMIBIZHFTIREE. FLKTDMEIE HSE/Eng/Ope
2) FEMEOHERRUHHEDRE HSE/Eng/Ope
3) KRFLOREDHER HSE/Eng/Ope
(4) BEERRASHORE HRHEE, BEHRF) HSE/Eng/Ope
6) BREZEOBRFHBEENE HSE/Eng/Ope
(6) N RMTAT BRI RDEE HSE/Eng
- BHA R EEME DHIR
- ILTREVY DR EORERIEL)
- IL7HROER, F5FIA
(7) RRBERABEDRE HSE/Eng
F ERRARBBORE., HE
8) BXFHDE(R HSE/Eng
(9) FERME (e, EMAE. B HSE/Eng
3. Assaluyeh 7.4.2(2)(4) NPC//(’:\I(L%%;?EEZ
(1) FREIHFTEIRRE. FERKRDOIEE HSE/Eng/Ope
(2) FEYEOHERRUVHHEDHTE HSE/Eng/Ope
Q) RREZEDRERDFER HSE/Eng/Ope
(4) IREE xR A ORRET (HEH B, BERH) HSE/Eng/Ope
) REZEDORFBEZDHRTE HSE/Eng/Ope
(6) NRHERRE R RDEE HSE/Eng
o EHA R BEMBEDHIB
- ILT7HRADEIR
- LT HRAOER, B HFIA
- BB DS RS R
- TSUMEBRNSDHRRROM L
o BEEMEONE (FRE)
- PRIES RAEEE R R DR B
s RK]ULADHE
-ILTVARTLOREL, &REIL
(7) KRB E X RETEDRTE HSE/Eng
. MEEBEL DN E
o BREMERBHORE, HE
(8) FETFHDENR HSE/Eng
(9) FEEME (KT, EMAE. BR) HSE/Eng




#9.3-2 KEFAWILEDIODT a0 T5Y

fet] P EH
SRR s MIP = 1£8 | 2%8 3% | 4%\ 568 | 68 | %8
W7 72 ay RHBF RENN 1393% | 1394% 1395% | 13964 1397% | 1398% | 1399%
2014% [ 20155 [ 20165 | 2017% [ 2018%F [ 2019%F [ 2020%F |
BekEH
1. Mahshahr
_ - PSEZ (HSE),
(1) HKEBRITOVTHORBNEE {8 %24t (HSE, Ope’)
(2) BEKRMDAURUN)—FAE 743 2% 21t (HSE, Ope)
(3) BERUFR TSI KEE LOBRBORERDORE 7.43 12 %241 (HSE, Ope)
_ " PSEZ (HSE),
(4) BEKEEDOAHIZDONTDOIRE B2 (HSE)
- . PSEZ (HSE),
(5) HEKEEE B DM 743 18523t (HSE, Ope)
(6) BEXELDIE BERM
- MREERORE (Fhir PC) &
(7) BEKIMIBREER D 1834 (FTE% . BUE. BAMTEA) BERH - MBRO®A (Tor{dgouyan PC) %
- KBES AL TRME~ DR (BIPC)
- BARMEER DR (BIPC, Razi £C) ¥
2. Khark Island
1) HKBEEITODVTDREEDEE R ¥ 24 (HSE, Ope)
(2) BEKRMDAURUN)—FAE 7.4.3 B %41t (HSE, Ope)
(3) BERVFRT RSN KEE LOBRBEORERORE 7.4.3 1R ¥ £41(HSE, Ope)
(4) 10TCEI00COD £ FHEKLIBD 1= DH K EED F DN TORET IOTC (HSE), I00C (HSE)
(5) HEKEEEE DM 7.43 12 ¥ £41(HSE, Ope)
(6) FEXELDIE BESH
(7) BEKAMEBREER D 1834 (B3R BUE. BATEA) BERXM - 2R D B Rk (100C, 19TC) &
3. Assaluyeh
PSEEZ (HSE),
(1) HEKBERIZOVWTORENBIE PNOSC (HSE),
B %S4t (HSE, Ope)
2) HIKR#EDAAUN)—RE 7.4.3 BRERXH (HSE, Ope)
(3) BERVIFRTFHINSHKEE L DBFBEOREROBRE 743 ¥ £1t (HSE, Ope)
_ - PSEEZ (HSE), PNOSC
@) BAKEROTHIOLTORE (HSE), %4t (HSE)
PSEEZ (HSE),
(5) HEIKEEFE DR 7.4.3 PNOSC (HSE),
¥ L4t (HSE, Ope)
(6) FEXELDIE BRESHM
- - - BIZLEERR M D (Mobin PC) %
(7) HEKAMIBRE D HE34 (B3R BUE. BUTEA) BEXM T T
- EHINEOBA|(SPGC) ¥
KD TFEA
1. Khark Island
1) th FEAIRDEROEE 7.4.3 NIOC, I00C
(2) WTEALDRE G TKARFAZE ., #EEFE) 743 NIOC, 100C
(3) th FEAGTEDERL NIOC
(4) BXEL2DR:E 7.4.3 NIOC
(5) EATKILIR SR {i B UFE A SR 0 DB & 4R B - R AT 743
(5-1) B NIOC
(5-2) EAREE NIOC
(5-3) B¥MAERET NIOC
(6) EAKIMIEER R U E AR DR 7.4.3 NIOC
(7) BKDH TEADEHE 100C

* AR




$#&9.3-3 KharkBI<H115FRLEDFE-HIBDHDTRE—TFY

B4 i) &
w752 . T
2014 [ 2015 | 2016 [ 2017 [ 2018 [ 2019 | 2020 ]
EETROFE-EIA
1. Khark B NIOC/IOOC/IOTC
(1) B EMIBOKRFAE 7.4.4(2) HSE/Eng
(2) HtE DR, BIBEROF AHE DK 7.4.4(3) HSE/Eng
(3) ik, BIBEEDRE. BILEHRDORE 7.4.4(2)(3) HSE/Eng
(4) B AT REL R L BT DB E 7.4.4 (1) HSE/Eng
(5) FOCHFEBHEORE 7.4.4 (2)(3) HSE/Eng
(6) T zHER (FH) Dl HSE/Eng
(7) FRCzIrDERE HSE/Eng
(8) #{t. MIB R DEFIREZE Ol HSE/Eng




£9.3-4 h—JBICBI12REVEE (BHEIB) DF-HDTRI—T5>

= PH RH
w7 9372 el i e T |
2014 [ 2015 | 2016 [ 2017 [ 2018 [ 2019 | 2020

Wastes Management (Drill Cuttings)

1. Khark Island 7.4.5 (4) NIOC/IOOC/IOTC

(1) IBHIEZEYOIELE. Bt E D BE- F A (Inventory) : RIE R U E HSE/Eng

(2) BEMORS . BEEOFHE (V4171 BRRAOAHEN) HSE/Eng

(3) REMDMEMN . (LFNEHEDORE HSE/Eng

- Rk ALY ERRE - EME

4) BRELDFEDRE ) HAV)-BRA-BEGEHBOMTEAZED) HSE/Eng

(5) RRMS (HILMS) DHSEY RV HSE/Eng

(6) I B NBELE FARZMDRES) ORE HSE/Eng

(7) RIS | IR A DIRES HSE/Eng

- JLIBEERE . MMEBALE. RS, DR GHSERDES ., £

(8) E AT BEAR IR AR DR ET HSE/Eng

(9) Beffie) . BHMWETARMEDRE HSE/Eng

(10) BEMERICHT DREASICEIRIBAZDRE HSE/Eng

(11) FHEDLEH HSE/Eng

(12) BEEWMALIRER {6 OO 52 - 34 HSE/Eng

(13) EEWMLS . MEBORERVE=4YLY HSE/Eng

(14) EEMEERMAOTE

HSE/Eng




#£9.4 BEE=RI)VIORTLOBRED=ODTHLaT5Y

] ] 5]

B 7oAy gagt;ﬁﬁ BT 113§3§E I 123§4EE 13;51 I ﬁgsgfﬁ 153§7EE I 163§8E££ I 17395&
2014% [ 2015% [ 2016%F [ 2017% | 2018%F [ 2019%F [ 2020%F |

[ Environmental Monitoring ]

1. Mahshahr

11 =AY R DMRE o3 v EEE

12 DOEEDF—542 511k 723 v EEE

13 KEEME=SULT DEBILEHE o3 J— L EEE

LA BKEZSULT DABEHS o3 v EEE

15 E=4UL T ADTERBORE o3 - EmE

2. Khark&

21 £ T I OHE e I EEE

22 KEE=AUL T DRADAL ALY AT ADKE e VL EEE

2.3 DOEEDT—HA LS AAE e J—LEEE

24 HKEZSULT DEBILEHS e VL EEE

25 ETSuRTA— b —  EEEEOEHLE I VL EEE

2.6 =AU T AOBERE DR e VL EEE

3. Assaluyeh

31 EZAUL T HADHE e VL EEE

32 DOEEDT—5ALS AL e J— GBS

33 XEEME=SUL T DEBILEMHA e VL EEE

34 FAE=RUL Y DEMILEHS e VL EEE

35 BEMHDEA 723 V- EEE

3.6 E=4UL S ADBEREORE 723 J— EmE
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fet] ] &
7733 g L | o o iso | imeer
20144 | 2015% | 2016% | 2017& | 2018% | 20194 | 2020%F |

ST B AR I Al D 3L
1. Fl& (MOP) MOP
(1) &/34 Oyt i BB S D E BRI D BERER 8.7.3 HSE
(2) AT BB A FERIE ISR D5 & BEDRE 8.3.1 HSE
(3) SEHiFRE Hh B R T Al D B HSE

-SRI E AR O E 8.3.2 HSE

- iS4 —R (MOP- At - R &4t) D& E|, FEDBREL 8.11 HSE

- PMOX U R #i & DA 8.11.2 HSE
(4) OSRPD.E . SRILETEID IR 8.3.1 HSE
(5) SMTRH BB LR R D5RIE 8.1 HSE
(6) Beffixiz 8.11.1 HSE
(5) BEZR DR 8.11.3 HSE
6) BXE2DE(H 8.6.3 HSE
2. Mahshahr NPC/SPEZ/TTPC
(1) BEfFOSRPOLE 21—, &1t HSE
Q) %E.E 8.9 TTPC/PMO
(3) MFHEEROF K 8.6.3 HSE
3-1 Khark By (4 dE R E%) NIOC/I0OC
(1) HREHBEDOYRI D RVBRRESTZE O 8.5.1 HSE
(2) TR G DEREER DK E 8.5.2 HSE
(3) OSRPO¥E HSE

- ¥ ERMEET S YT+ —L (Aboozar, Foroozan) 8.5,8.7 HSE

- Khark & (Dorood 1 & 2) 8.5,8.7 HSE
(4) SISEWMMORE 8.6.2 HSE
[BEGRES 8.9 100C/I0TC
(6) MFHERDO T K 8.10.2 Eng/Ope
(7) BXE2DE(E 8.6.3 HSE
(8) OSRPDRE 8.7.2 PMO
3-2 Khark B (FR@H4—s7)) NIOC/IOTC
(1) OSRP(E)DLE 21— &ET 8.5,8.7 HSE

- I0OCMOSRPED IR/ HE 8.7.3 HSE
(2) MG E#H GEBMDIAZE 8.6.2 HSE
(3) OSRPDKE 8.7.2 HSE
(4) % 5. dE 8.9 I0TC/I00C
5) MFRHERO TR % 8.10.2 Eng/Ope
6) BXE2DE(H 8.6.3 HSE
4. Assasluyeh PSEEZ/TTPC
1) HRHBEDOYRIFHRVBRRESZE O HSE
(2) BEFOSRPOLE 21—, &1t 8.7.3 HSE
(4) MG E#H GEIMDIZE 8.6.2 HSE
) %E. E 8.9 TTPC/PMO
(6) MFHBERDO TR K 8.10.2 Eng/Ope
(7) BXE2DE(E 8.6.3 HSE
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10. fEwmLiRsS

10.1. K~vREZ—FF O BEDT

ARKv AR —=TF U ZEH L T IZHTz> TE, BIEDA 7 ORMEEICBIT 2 BREEH
VAT ADIEEREERBEN EDOMEIZH D | AT AL — 77/#&@&5“ﬁ#0f®<t@@%
DTHHINZERB L TR I ENEETH D, K10.1-1 1TAMEHXICBITIEERY AT LD3R

BEREZRLIZLDTHD, WIHEBERETH DV AT MEAENTIE, EEE%@%ﬁﬁﬁﬂiﬁ
S BREEICHE - U Y EE ONEST, BREEE =2 U o 7 - B ORI HESL S T <,
WK e BN A Y | IEBENCE SV REE L AT AOEH, RET=%1J 7D
gAMb, BREEOE O i OMEEIRE N ED ST, EOBEIICADS &, AilEE L H
WAEROW N LY BRINCEREERICE S EHEHIN R ST,

T A
X 10.1-1 BESHEI AT ADORBEE
VAT LR FIHPEEOREEIR ., BREEICIE - - EEE ONEST, B
B0 7 « BERRHIZE O
ARKEH) 258 4 ERHENCESWREE B AT AOEH, RiET=%1
7 Ogfl, BRI O S & OME TG E)
A . AIMEEZE L s RO I L5 BRI EEERRICHES L

B LR DT R

2L ORHIERE - 77 U WEMEICEBIT D HSE EHLY 2T AT, VAT AR, o
AR 2BREIIAIE L T D, ME—BRHI~E ST Llrsitddik, 35 HiTitdk L
=X OICUAEBIZBIT 27 7 ¥ EEE A&t (ADNOC) ThH Y, BINKFAHHMEEDET L
ZMBEICRESE- HSE B AT A2 @EHA L TW5D,

BEDA 7 VEAMEEICIIT D HSE BELY 27 AT, EmérﬁE%%E%kalwo
%06 HSE & AT MO BAG S 41, 2003 FEEHICIT A MEE S IFICIRE L, |
?%k&%%bf“éo*ﬁ\wwﬁﬁ@%#%%%%ﬂﬁ%%%D\X%%@47/®@¢
A3 7H « A7 A BRSE FH I I O R 23 Bk U B0E BTl - 7 A B R S HEE STz,

T A T —
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Rl Assaluyeh HilgiZiX, BERT AHBATE (7 A =2 HAH) (T AERTY;, #
WL TR A FE SN/, RRUGRMEDEANC 2> TR Y | BEREREET 5
FHPTBITIR > TWD, T DIERBEBIFE T O BREEE PREHE DD H 5 DI HEmm O R
B0, BEDTICRI 2 KM TERICHE LI EEOBNAE-2ERNTHD EE X
B, R A3 v v b Hite> Mahshahr <° Khark & & [RIFEOBRELRE 2 2 T\ 5,

oA vy MIROBREREDZ 1%, XA NFT 7T 4 RS S OB D
BASNTOWRNZ ERRROBERGREOERN TH L, 17 OBHEOAMEREOREEH Y
AT LORCRBREIEL, HSE FHE S 2 7 L D RAE OB BRI 5 & Ak BBl ] oo 1) 51 B
PRICALET 2 EHWT S LD, Ehul, RIZEHEOFEOANK—, IR LORME, KOE
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b) Laboratory analysis

Horizontal distribution of the parameters of laboratory analysis (laboratory parameters) is
shown in Figure 3.1.3.

Turbidity in MS-3 and MS-8 is higher than the other stations. Distribution of
suspended solid is similar to the one of turbidity, MS-3 and MS-8 are higher than other
sampling points. Chemical oxygen demand (COD) ranges between 8 and 16 mg/l with the
average of 14.33 mg/l. Total organic carbon (TOC) values are similar to COD values and the
variation of TOC are very low. Total nitrogen shows highest in MS-5 (2m below surface). It
might be related to the discharge from PETZONE.

Vertical profiles of laboratory parameters are shown in Annex D.

Source: Study team

Figure 3.1.3 Horizontal Distribution of the Laboratory Parameters
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Source: Study team

Figure 3.3.2 Horizontal Distribution of In-situ Parameters

b) Laboratory analysis

Horizontal distribution of the parameters of laboratory analysis is shown in Figure 3.1.3.
Turbidity in MS-2, MS-3 and MS-8 (10m below surface) is high, compared to the other
sampling points. Suspended solid in MS-2 is the highest and the average of Suspended solid is
121 mg/l. COD in MS-1 shows the highest value (24 mg/l) and the other stations show
relatively similar values. TOC values are precisely similar to COD parameters and the
maximum of TOC is observed in MS-1. Total nitrogen ranges from 0.36 to 0.93 mg/l and MS-6
(0.5m below surface) shows the maximum value.

Vertical profiles of laboratory parameters are presented in Annex D.
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Source: Study team

Figure 3.3.3 Horizontal Distribution of the Laboratory Parameters

3.4  Surveyin August (1st trial) 2013

3.4.1 Survey Timing

Table 3.4.1 shows the timetable of the survey and Figure 3.4.1 shows the tide timing of the survey,

respectively.
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Table 3.4.1 Time Table of the Survey (August-1, 2013)

Date Time Site Note

Tuesday, 13 August 2013 81012 | MS-1to MS-4 | Water sampling &
Wednesday, 14 August 2013 | 9to 13 | MS-5to MS-8 | in-situ monitoring

Source: Study team

Source: Tide table (http://www.iranhydrography.org/default.asp)

Red line shows the timing of the survey

Figure 3.4.1 Tide Timing at the Survey (August-1, 2013)

3.4.2 Resultof the Survey

Summary of the survey results is shown in Table 3.4.2 and raw data is stored in Annex A.
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Table 3.4.2 Summary of the Survey Result

Survey date: Aug. 13-14, 2013

Aug-1
. Environmental
Category Parameter Unit standard (*1) Min Max Ave
Water temperature °C (*2) 30.6 32.9 314
Water quality | Salinity - (*3) 4520 | 47.40 | 46.27
(Field Conductivity mS/cm 775 83.5 80.6
measurement) pH - 6.5-9.0 5.67 8.46 8.23
DO mg/L > 3 (*4) 5.47 6.44 6.02
Turbidity NTU 14 222 86
Suspended solid mg/L (*5) 30 270 105
COD mg/L as O2 5 7 24 12
Water quality | TOC mg/L as C 1.9 8.6 2.7
(Analylsis: QOil contents mg/L (*6) <02 | <02 | <02
genera Coliform  bacteria | MPN
parameters) | (¥10) Index/100mi | 200 (*7) ! 920 | 129
Total nitrogen mg/L as N 0.4 (*8) 0.52 1.24 0.84
Total phosphorous mg/L as P 0.045 (*9) <0.2 <0.2 <0.2

Source: Study team

Note: Red letter means excess of the standard/criteria value
*1: Standard for Ambient Water in Persian Gulf and Oman Sea (draft), Class 6: Industrial zone or Port, DOE.

*2
*3
*4
*5

*6
*7
*8
*9

Water temperature: +3 of natural temperature of receptive source

Salinity: It should be no more than 10 percent of minimum natural salinity of the region.

DO: 40% of Saturation

Suspended Solid: Its increase should not be more than its daily, monthly, annual average considering standard
deviation.

Oil contents: There should be no oil layer, foam visible on its surface.

Coliform bacteria: Fecal coliform should be less than 100 CFU/100ml.

Total nitrogen: The value of Nitrate-nitrogen is used in this table.

Total phosphorous: The value of Phosphate-phosphorus is used in this table.

*10 Total coliform was analyzed in Apr., May, Jun. and Aug-1, while fecal coliform analyzed in Aug-2, Sep. and Oct.

3.4.3

a)

Discussion

Field measurement

Horizontal distribution of the field measurement parameters (in-situ parameters) are shown in
Figure 3.4.2.

Seawater samples of different stations show relatively homogeneous values of temperature,

varying between 30.60 and 32.90 °C with an average of 31.55 °C. The pH values in seven

stations are very homogeneous and present a narrow range of variation (between 8.31 and 8.46),

but it is 5.67 in MS-1 indicate that possibly discharge of PETZONE effluents. Values of EC

vary between 77.5 and 83.5 mS/cm. The average of EC is 80.77 mS/cm which it is higher than

EC in other sampling periods. The salinity shows a low range of variation from 45.20 to 47.40
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with an average of 46.33. The ranges of DO in seawater samples are between 5.47 and 6.44
mg/l with the average of 6.09 mg/l. The lowest DO concentration is in MS-1, probably
indicates that discharge of industrial effluents in the study area. The average of DO values is
smaller than other sampling periods. Vertical profiles of in-situ parameters are illustrated in
AnnexD.

Source: Study team

Figure 3.4.2 Horizontal Distribution of In-situ Parameters

b) Laboratory analysis

Horizontal distribution of the parameters of laboratory analysis is shown in Figure 3.4.3.
The highest turbidity is recorded in MS-2 (2m below surface) and MS-3 (2m below surface).

Suspended solid parameter is high in MS-5 (2m below surface) and MS-3 (2m below surface),
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MS-8 (0.5m below surface) and MS-2 (2m below surface). COD in MS-4 shows the highest
value (24 mg/l). TOC concentration in MS-1 (8.6 mg/l) is higher than the other stations. Total
nitrogen concentration varies from 0.52 to 1.24 mg/l, the highest value (1.24 mg/l) is

observed in MS-3 (0.5 m).
Vertical profiles of laboratory parameters are presented in Annex D.

Source: Study team
Figure 3.4.3 Horizontal Distribution of the Laboratory Parameters
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3.5  Surveyin August (2nd trial) 2013

3.5.1 Survey Timing

Table 3.5.1 shows the tiof table of the survey and Figure 3.5.1 shows the tide timing at the survey,

respectively.

Table 3.5.1 Time Table of the Survey (August-2, 2013)

Date Time Site Note
Wednesday, 28 August 2013 | 9to 13 | MS-1 to MS-4 | Water, sediment

sampling & in-situ

Thursday, 29 August 2013 9to 15 | MS-5to MS-8 Lo
monitoring

Source: Study team

Source: Tide table (http://www.iranhydrography.org/default.asp)
The red line shows the timing of the survey

Figure 3.5.1 Tide Timing at the Survey (August-2, 2013)

3.5.2 Resultof the Survey

Summary of the survey results is shown in Table 3.5.2 and raw data is stored in Annex A.
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Table 3.5.2 Summary of the Survey Result

Survey date: Aug. 28-29, 2013

Environmental Aug-2

Category Parameter Unit standard (*1) Min Max Ave
Water 0
temperature C (*2) 28.4 32.2 30.5

Water quality | Salinity - (*3) 3490 | 46.30 | 43.62

Srfelgls%rement) Conductivity mS/cm 60.4 84.0 747
pH - 6.5-9.0 8.25 8.54 8.35
DO mg/L > 3 (*4) 5.58 6.54 6.29
Turbidity NTU 20 125 41
Suspended solid mg/L (*5) 20 140 45
COD mg/L as 02 5 8 24 13

Water quality | TOC mg/L as C 1.6 29 2.3

(AnalyISiS: QOil contents mg/L (*6) <02 | <02 | <02

enera : :

garameters) g‘i’g;orm bacteria mg é\lx/100ml 500 (*7) <2 384 112
Total nitrogen mg/L as N 0.4 (*8) 0.65 1.30 0.84
gﬁéi:oh oroUs mg/L as P 0.045 (*9) <02 | <02 | <02
Aluminum (Al) mg/L <0.1 <0.1 <0.1
Arsenic (As) micro-g/L 50 <1 <1 <1
Cadmium (Cd) micro-g/L 10 <0.1 <0.1 <0.1
Cyanide (CN) micro-g/L <5 <5 <5
Chromium (Cr) micro-g/L 50 <0.1 0.1 <0.1
Cobalt (Co) micro-g/L <0.1 <0.1 <0.1
Copper (Cu) micro-g/L 50 <0.1 2.5 14

Water quality | lron (Fe) mg/L 0.3 <0.1 0.01 0.01

Analysis: .

§1eavyymetals) I(\|/I_|egt)h YEMereury | micro-g/L 0.2 - - -
Mercury (Hg) micro-g/L 0.5 <1 <1 <1
Manganese (Mn) micro-g/L 100 <0.1 0.44 0.44
Magnesium (Mg) mg/L 1869 1954 1910
Nickel (Ni) micro-g/L 50 0.8 3.1 1.7
Lead (Pb) micro-g/L 40 0.1 15 0.4
Zinc (Zn) mg/L 100 <0.01 | <0.01 | <0.01
Phenols micro-g/L 0.05 <1 <1 <1
Specific Gravity g/cm3 1.0 1.3 1.2
Moisture Content Mass% 39.00 73.90 53.55
ol (nga"'c Mass% 030 | 057 | 042

. Total Petroleum .

Sediment Hydrocarbon micro-g/g.dw 550 33 155 7

?X";‘]ggsis) Aluminum (Al mg/g.dw 67 | 100 | 82
Arsenic (As) micro-g/g.dw 20 15 2.3 1.7
Cadmium (Cd) micro-g/g.dw 15 12 2.1 1.6
Cyanide (CN) micro-g/g.dw <0.1 <0.1 <0.1
Chromium (total) micro-g/g.dw 80 20.8 33.0 27.3
Chromium (Cr+6) micro-g/g.dw - - -
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Environmental

Aug-2

Category Parameter Unit standard (*1) Min Max Ave
Cobalt (Co) micro-g/g.dw 16.6 20.5 19.1
Copper (Cu) micro-g/g.dw 65 12.9 18.7 155
Iron (Fe) mg/g.dw 12.3 18.0 14.9
('\ﬁ%hy' Mercury | micro-g/g.dw <0.01 | 006 | <0.06
Mercury (Hg) micro-g/g.dw 0.15 <0.05 | 1.90 0.66
Manganese (Mn) micro-g/g.dw 271 372 329
Magnesium (Mg) mg/g.dw 11.0 21.6 18.2
Nickel (Ni) micro-g/g.dw 21 3.1 80.1 56.4
Lead (Pb) micro-g/g.dw 50 21.1 26.7 22.9
Zinc (Zn) micro-g/g.dw 200 36.4 69.4 52.4
Total Sulfur (T-S) mg/g 1.3 8.0 2.5
Grain size
Sand
(>0.04mm & | % 4.0 38.0 21.8
<lmm)

Silt

(>0.002mm & | % 27.0 53.0 39.8
<0.04mm)

Clay

(>0.0002mm & | % 23.0 51.0 38.5
<0.002mm)

Source: Study team

Note: Red letter means excess of the standard/criteria value
*1: Standard for Ambient Water in Persian Gulf and Oman Sea (draft), Class 6: Industrial zone or Port, DOE.

*2  Water temperature: £3 of natural temperature of receptive source
*3  Salinity: It should be no more than 10 percent of minimum natural salinity of the region.

*4  DO: 40% of Saturation

*5 Suspended Solid: Its increase should not be more than its daily, monthly, annual average considering standard

deviation.

*6 Qil contents: There should be no oil layer, foam visible on its surface.
*7 Coliform bacteria: Fecal coliform should be less than 100 CFU/100ml.

*8 Total nitrogen: The value of Nitrate-nitrogen is used in this table.

*9 Total phosphorous: The value of Phosphate-phosphorus is used in this table.

*10 Total coliform was analyzed in Apr., May, Jun. and Aug-1, while fecal coliform analyzed in Aug-2, Sep. and Oct.

3.5.3

Discussion

a) Field measurement

Horizontal distribution of the field measurement parameters (in-situ parameters) are shown in
Figure 3.5.2.The water temperature ranges from 28.4-32.2 °C with an average of 30.5 °C.
The pH varies from 8.25 to 8.54 with an average value 8.35, indicating the alkaline nature of
seawater. The EC values range from 60.4 to 84 ms/cm with an average of 74.51 mS/cm. Salinity
values range from 34.9 to 46.3 with an average value of 43.49. The dissolved oxygen varies

between 5.58-6.54 mg/l with an average 6.33 mg/l. Vertical profile of in-situ parameters are

presented in Annex D.
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Source: Study team

Figure 3.5.2 Horizontal Distribution of In-situ Parameters

b) Laboratory analysis

Horizontal distribution of the parameters of laboratory analysis is shown in Figure 3.5.3.

Turbidity in MS-2 (2m below surface) is the highest value and the other stations are very low
and close together. Suspended solid in MS-2 (2m below surface) shows the highest value and the
others are similar together. COD ranges from 8 to 24 mg/l and the maximum COD is recorded
in MS-1 (0.5m below surface) and MS-5 (5m below surface). TOC ranges from 2 to 2.9 mg/l.
Total nitrogen varies between 0.65 and 1.3 mg/l and the highest value is observed in MS-8
(10m below surface).

Vertical profiles of laboratory parameters are shown in Annex D.
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Source: Study team

Figure 3.5.3 Horizontal Distribution of Laboratory Parameters

)] Sediment texture

Particle size distribution in sediment samples shows minor differences. Sediment samples
have fairly evenly distributed proportions of sand (2-0.05 mm), silt (0.05-0.002mm) and clay
(<0.002 mm). According to the USDA classification scheme (Schoeneberger et al., 2002), the
sediment samples are categorized as Loam (MS-2), Calyey-Loam (MS-5, MS-6 and MS-7),
Clay (MS-8) and Silty-Clay (MS-1, MS-3 and MS-4) classes. According to the Shepard
diagram (Shepard, 1954), sediment textures in the study area are classified as Silty-Clay (MS-1
and MS-8), Clayey-Silt (MS-3 and MS-4) and Sand-Silt-Clay (MS-2, MS-5, MS-6 and MS-7)
classes (See Figure 3.5.4).
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Source: Schoeneberger et al., 2002 and Shepard, 1954
Figure 3.5.4 Classification of Sediments

d) Heavy metals

Summary of the survey results is presented in Table 3.5.2 and raw data is stored in Annex A.

The result shows that Arsenic (As) in all seawater samples is less than 1 pg/l, while sediments
contain various concentrations of arsenic from 1.5-2.3 pg/g. The highest concentration is
observed in MS-8, 2.3 ug/g, and the second greatest is in MS-5 with 1.8 ug/g As. The lowest
concentration is observed in MS-1, MS-2 and MS-4, 1.5 pg/g. MS-3 and MS-6 show the same
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concentration, 1.6 pg/g, and MS-6 and MS-7 show 1.8 and 1.7 pg/g arsenic, respectively (See
Figure 3.5.6).

Seawater samples show free of Cadmium (Cd), but average 1.6ug/g of cadmium is detected in
sediment. MS-7 show the least concentration of cadmium, 1.2 pg/g, and MS-1 shows the
maximum concentration, 2.1 pg/g. The values in other stations are: MS-2, 2.0 pg/g, MS-3, 1.7
Hg/g, MS-4, 1.6 pg/g, MS-5, 1.5 pg/g, MS-6, 1.4 png/g and MS-8, 1.5 pg/g (See Figure 3.5.6).

Chromium (Cr) level in sediment is much higher than in seawater samples. Cr in seawater
samples is less than 0.1 pg/l. The average concentration of Cr in sediment is 27.3 ug/g, with
a maximum in MS-3, 33.0 pg/g and minimum in MS-5, 20.8 pg/g. Cr values in other stations
are: MS-1, 32.3 ug/g, MS-2, 22.9 ug/g , MS-4, 28.1 ug/g, MS-6, 25.9 pg/g , MS-7, 24.0 ug/g
and MS-8, 31.5 ug/g (See Figure 3.5.6).

Cobalt (Co) concentration in sediment and sea water samples are much different. Co in sea
water is less than 0.1 pg/l. The average concentration of Co in sediment is 19.1 pg/g, with the
maximum in MS-3, 20.5 pg/g, and the minimum in MS-5, 16.6 pg/g. Co values in other
stations are: MS-1, 20.1 pg/g, MS-2, 19.8 ug/g, MS-4, 19.6 pg/g, MS-6, 17.2 ug/g, MS-7, 18.8
Hg/g, and MS-8, 20.1 ug/g (See Figure 3.5.6).

Copper (Cu) in seawater ranges 0.1- 2.2 ug/l. MS-3 at 0.5m below surface, MS-4 and MS-6 at
2m below surface and MS-8 at 0.5m below surface shows the minimum concentration of Cu,
less than 0.1 pg/l, and MS-2 at 0.5m below surface shows the maximum concentration, 2.2 ug/l.
The concentration in other seawater samples are: MS-1, 2.5 pg/l, MS-2 at 2m below surface, 0.1
pg/l, MS-3 at 2m below surface, 1.6 pg/l, MS-5 at 0.5m below surface, 0.1 pg/l, at 2m below
surface: 1.4 pg/l, at 10m below surface, 0.94 pg/l, MS-6 at 0.5m below surface, 1.8 pg/l, at 10m
below surface, 0.89 ug/l, MS-7 at 0.5m below surface, 1.4 pg/l, at 2m below surface, 0.1 pg/l,
at 10m below surface, 0.1 pg/l and MS-8 at 2m below surface, 0.1 pg/l, at 10m below surface,
0.3 pg/l (See Figure 3.5.6). The average concentration of Cu in sediment is 15.5 pg/g, with a
maximum in MS-8, 18.7 pg/g and minimum in MS-2, 13.0 ug/g. Cu values in other stations
are: MS-1, 17.2 pg/g, MS-3 and MS-4, 18.5 ug/g, MS-4, 16.6 pg/g , MS-5, 12.9 ug/g, MS-6,
13.2 pg/g and MS-7, 14.0 pg/g (See Figure 3.5.6).

The concentration of Iron (Fe) in water and sediment shows the same level because of erratic

changes in concentration values in sediment. Fe level in seawater samples is less than 0.1 mg/I,
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while, concentration in sediment shows average 14.9 mg/g. Maximum concentration is
observed in MS-8, 18.0 mg/g. MS-5 shows the lowest level of Fe, 12.3 mg/g. Fe values in other
stations are: MS-1, 16.1 mg/g, MS-2, 12.9 mg/g, MS-3, 16.3 mg/g, MS-4, 15.7 mg/g, MS-6,
14.3 mg/g and MS-7, 13.4 mg/g (See Figure 3.5.6).

Nickel (Ni) in seawater ranges 0.8- 3.1 pg/l. MS-3 at 2m below surface shows the maximum
level of Ni, 3.1 pg/l, while it is 1.7 pg/l at 0.5m below surface. On the other hand, MS-8 shows
the minimum level of Ni at 10m below surface, 0.8 pg/l, but at 0.5m and 10m below surface
show 1.6 and 2.0 ug/l, respectively. The concentration of Ni in other station are: MS-1, 1.8
pg/l, MS-2 at 0.5 and 2m below surface, 1.4 pg/l, MS-3 at 0.5m below surface, 1.7 pug/l, MS-4,
1.5 pg/l, MS-5 at 0.5m below surface, 1.6 ug/l, at 2m below surface, 1.8 pg/l, at 10m below
surface, 1.7 pg/l, MS-6 at 0.5m below surface, 2.3 pg/l, at 2m below surface, 2.0 pg/l, at 10m
below surface, 1.8 pg/l and MS-7 at 0.5m below surface, 2.0 pg/l, at 2m below surface, 1.0
pg/l at 10m below surface, 1.9 pg/l (See Figure 3.5.5).

The average concentration of Ni in sediment is 62.7 ug/g, with a maximum in MS-3, 80.2 ug/g
and minimum in stations MS-2 and MS-7, 53 pg/g. Ni values in other stations are: MS-1, 72.7
pg/g, MS-4, 69.8 pg/g, MS-5, 55.2 pg/g, MS-7, 59.2 pg/g and MS-8, 58.2 ug/g (See Figure
3.5.6).

Lead (Pb) in seawater ranges between 0.1 to 1.5 pg/l. Stations MS-1, MS-2, MS-3 at 0.5m below
surface, MS-6 at 2m below surface and MS-8 at 10m below surface show the minimum
concentration of Pb, less than 0.1 pg/l and MS-4 show maximum concentration, 1.5 pg/l. The
concentration of Pb in other stations are: MS-3 at 2m below surface, 0.1 pg/l, MS-5 at 0.5 and
10m below surface, 0.2 pg/l, at 2m below surface, 0.5 pg/l, MS-6 at 0.5m below surface, 0.3 pg/l,
at 10m below surface, 0.1 pg/l, MS-7 at 0.5m below surface, 0.1 pg/l, at 2m below surface, 0.5
pg/l, at 10m below surface, 0.2 pg/l, MS-8 at 0.5m below surface, 0.3 pg/l, at 2m below
surface, 0.5 pg/l (See Figure 3.5.5).

The average concentration of Pb in sediment is 22.9 ug/g, with a maximum in MS-8, 26.7 ug/g
and the minimum in MS-7, 21.1 pg/g. Pb values in other stations are: stations MS-land MS-
4, 22.0 yug/g, MS-2, 22.3 pg/g, MS-3, 25.3 ug/g , MS-5, 22.2 ug/g and MS-6, 21.3 ug/g (See
Figure 3.5.6).

The result showed that Zinc (Zn) in all seawater samples is less than 0.01 mg/l, while the

concentration of Zn in sediment varies. The average concentration of Zn in sediment is 52.4 ug/g,

with the maximum in MS-8, 69.4 ug/g, and the minimum in MS-7, 36.4 ug/g. Pb values in other
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stations are: MS-1, 61.8 pg/g, MS-2, 47.1ug/g, MS-3, 68.7 pg/g , MS-4, 52.6 pg/g, MS-5, 42.2
Hg/g and MS-6, 41.2 pg/g (See Figure 3.5.6).

Seawater samples are free of Manganese (Mn), less than 0.1 pg/l, except MS-8 at 2m below
surface with 0.44 pg/l Mn. However, concentrations in sediment show much higher
concentration of Mn. The average concentration of Mn in sediment is 329 pg/g, with a maximum
in MS-1, 372 pg/g and minimum in MS-5, 271 pg/g. Mn values in other stations are: MS-2, 354
Mg/g, MS-3, 347 pg/g, MS-4, 355 ug/g, MS-6, 324 pg/g, MS-7, 308 ug/g and MS-8, 298 ug/g
(See Figure 3.5.6).

Methyl mercury (Me-Hg) and Mercury (Hg) in sea water samples are less than 1 pg/l. Also, Me-
Hg in sediment samples are less than 0.01 pg/g. While Hg is not detected in MS-5, MS-6 and
MS-7, MS-1, 2, 3, 4 and MS-8 show different concentrations of Hg. The maximum Hg is
detected in MS-1, 0.7 pg/g and the minimum Hg is observed in MS-8, 0.1 pg/g. Hg
concentration in MS-2 , MS-3, MS-4 are 0.26, 1.9 and 0.34 ug/g, respectively (See Figure
3.5.6).

The concentration of Aluminum (Al) in seawater and sediment samples is not the same level
because of erratic changes in concentration values in sediment. Sea water samples show less
than 0.1mg/l Al, while average concentration of Al in sediment is 8.2 mg/g. The maximum
concentration of Al is detected in MS-3, 10 mg/g. MS-5 shows the lowest level of Al, 6.7
mg/g. Al values in other stations are: MS-1, 9.2 mg/g, MS-2, 6.9 mg/g, MS-4, 9.0 mg/g, MS-6,
8.2 mg/g, MS-7, 7.1 mg/g and MS-8, 8.6 mg/g (See Figure 3.5.6).

Magnesium (Mg) concentration in sea water samples differs from 1869 to 1954 mg/l. MS-2 at
0.5m below surface shows the maximum level of Mg, 1954 mg/I, although it shows 1930 mg/l at
2m below surface. MS-8 at 10 m below surface shows the lowest concentration of Mg, 1869
mg/l. This station shows 1942 and 1929 mg/l Mg at 0.5 m and 2 m below surface, respectively.
The concentration of Mg in other station is: MS-1, 1942mg/l, MS-3 at 0.5m below surface,
1917mg/l, at 2m below surface, 1899mg/l, MS-4, 1942 mg/l , MS-5 at 0.5m below surface,
1917mg/l, at 2m and 10m below surface, 1869mg/l, MS-6 at 0.5m below surface, 1899mg/I, at
2m and 10m below surface, 1869 mg/l, MS-7 at 0.5m below surface, 1911mg/l , at 2m below
surface, 1942mg/l at 10m below surface, 1917mg/l (See Figure 3.5.5).

The average concentration of Mg in sediment is 18.2 mg/g. Maximum level of Mg is observed

in MS-1, 21.6 mg/g, and MS-5 shows the minimum concentration, 11.0 mg/g. Other station
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shows various concentrations of Mg; MS-2, 17.2 mg/g , MS-3, 19.7 mg/g , MS-4, 20.3 mg/g,
MS-6, 17.7 mg/g, MS-7, 17.6 mg/g and MS-8, 20.6 mg/g (See Figure 3.5.6).

Source: Study team

Figure 3.5.5 Heavy Metal Concentrations in Seawater Samples
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Source: Study team

Figure 3.5.6 (1) Heavy Metal Concentrations in Sediment Samples
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Source: Study team

Figure 3.5.6 (2) Heavy Metal Concentrations in Sediment Samples

The average concentration of trace elements and heavy metals in the study area and their
concentrations in seawater of south Persian Gulf countries including Bahrain, UAE, Oman,
Saudi Arabia and also average concentrations of trace elements in natural seawaters (Kabata-
Pendias and Pendias, 1999) are presented in Table 3.5.3. Each element displays a minor
variation in concentrations (with the exception of Pb, Cu and Ni), reflecting by the low
standard deviations. By comparing the natural seawaters (Kabata-Pendias and Pendias, 1999),
the average concentration of Cu, Ni and Pb are higher than the average concentrations of trace
elements in natural seawaters (See Figure 3.5.7). 100% of the total of seawater samples at all
depths of Ni, 67% of Pb, and 55% of Cu exceed the averaged concentrations in natural
seawaters (See Figure 3.5.8). Thus, Ni, Pb and Cu are the major pollutants in the study area
and may pose health risk of aquatic life and also the residents in the region and the water

receiving areas.
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Table 3.5.3 Comparison of Heavy Metals Concentration in Seawater between the Study Area and

Other Persian Gulf Countries

Para | Uni | Survey Result Bahrai | UAE | Oman | Saudi | CCM | Mahs | Seawa
met [t | MinfMa|Me| A |A A Arabi | B | hahtC | terD
er X an aA
Al mg/ | <0. | <0. | <0. | --- 0.002
As | WL | <1 | <1l [<1 |-- 125 <5 7
Cd | wL | <0. | <0. | <0.|11-16 | <2-12 | 30 0.31- | 0.12 <10 0.1
Cr WL | <0. | <0. | <0. | --- 56as | <10 0.3
Co | WL | <0. |<0.]|<0.|-- <10 0.01
Cu | wL|<0. |18 |08 | 20-30 | 80- 130 0.9- <10 0.2
Fe mg/ | <0. | <0. | <0. | --- 0.01- | --- 0.038- | 0.001
Hg | wL|[<1 | <1 |<1 [10-25 920 |7 0.016 | <2 0.02
Mn | wL | <0. | <0. | <0. | --- 0.2
Ni wL |08 |23 |17 | -- 0.52- | --- <20 0.5
Pbo [wL |01 |05 |02 |20- 30-60 | 30 0.01- | --- <20 0.03
Zn | mg/| <0. | <0. | <0. | 0.06- | 0.002-| 0.4 0.005- | --- 0.002
Source:

A: Heavy metal concentrations of seawater in south of Persian Gulf (Marine Pollution Bul., 1997).
B: Canadian Council of Ministers of the Environment 1999.
C: Heavy metal concentrationsin sediment of PETZONE, 2008.

D: Mean concentrations of trace elements in natural seawater (Kabata-Pendias and Pendias, 1999)

Source: Kabata-Pendias and Pendias, 1999
Figure 3.5.7 Average Concentration of Cr, Co, Cu, Ni and Pb in the Study Area and Natural

Seawater
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Source: The study team and Kabata-Pendias and Pendias, 1999

The Red dash line shows the average concentration in natural sea water.

Figure 3.5.8 Heavy Metal Concentration in Each Survey Point

The water quality guidelines for protection of aquatic life (CCME?) specifies only As, Cd, Cr**
and Hg. The concentrations of these elements are lower than CCME standard.

The range and average concentrations of trace and heavy metals in the surface sediment
expressed on a dry-weight are summarized in Table 3.5.2. This leads to the following ranking
based on the concentrations:

Al>Fe>Mn>Ni>Zn>Cr>Pb>Co>Cu>As>Cd>Hg

The average concentrations of heavy metals in sediment samples of the study area and their
concentration in sediment of south Persian Gulf countries (ROPME, 1998-2000) including
Bahrain, UAE, Oman, Saudi Arabia, Qatar, Kuwait and also mean concentrations of trace
elements in continental crust (Mason and Moore, 1995; Reimann and Caritat, 1998) are shown
in Table 3.5.4 and Figure 3.5.9. The maximum concentrations of Cd, Co, Cr and Zn are
recorded in Kuwait, Ni in Oman, Pb in Bahrain, and Al, Fe and Cu in continental crust. As and
Hg concentrations were not measured in ROPME project, whereas in this study Hg

concentration is higher than average of continental crust.

2 Canadian Council of Ministers of the Environment
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Table 3.5.4 Comparison of Heavy Metal Concentration in Sediment between the Study Area

and Other Persian Gulf Countries

Para | Unit | Survey Result Bahr | Oma | Saud | Qata | Kuw [ Asal | Cont | Mah
met Min | Max| Mea| . A| A |i A | aitA | uyeh | inent | shah
ers n Arab A al iC
Al mg/g. | 6.70 | 10.0 | 8.10 | --- 10A | 98A | 12A | 69
As | ug/g. | 1.50| 2.30 | 1.69 | --- 1.8 | 3.6-
Cd | pug/g. [ 120 210| 163 | g1A | 482 | --- 110 | 120 [ 51A |01 ([ <1
Cr | ug/g. | 20.8| 330|273 7D | 954 | 323 | 3gD| 170 | 43A | 100 | 69-
Co | ug/g. | 16.6| 205|189 1 oD| --- 6D |gg5D| 322 | --- 10 11-
Cu | ug/g. | 129 18.7| 155| 39D | g7A | 99D | 20A | 30 6.1A | 55 22-
Fe | mg/g. | 123|180 149 --- 53D - 226 | 73A | 35 23-
Hg | po/g. | <0.0] 1.90 | 0.39 | --- 0.07 | 0.05-
Mn | po/g. | 271.| 372. | 327.| --- 900 | ---
Ni ug/g. | 53.0| 80.1| 63.4| 109 | 329. | 416 | 120 | 130 | 17A | 20 70-
Pb | pg/g. | 21.1]| 26.7 | 23.0 | goA | --- 18.1 | 14 11-
Zn | uo/g. | 36.4 | 69.4 | 525 | g4A | 11.3 | 263 | ggA | 112 | 193 | 70 50-

Source:

A: Heavy metal concentrations of sediment of Persian Gulf (ROPME, 1998-2000).
B: Mason and Moore, 1995; Reimann and Caritat, 1998.

C & D: Heavy metal concentrations in sediment of PETZONE, 2008.

In order to detect the accumulation pattern of elements in sediment, the metal concentrations are
plotted versus sampling points in Figure 3.5.10. The patterns of Zn, Cu, Ni, Fe, Al and Cr
variation in sediment are similar and comparable, whereas Co, Mn, Hg, MeHg, As, Cd and Pb in
sediment samples show different patterns.

Horizontal distributions of heavy metals in seawater and sediment are shown in Figure 3.5.11 and

Figure 3.5.12 respectively.
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Source: ROPME, 1998-2000, Mason and Moore, 1995, Reimann and Caritat, 1998
Figure 3.5.9 Comparison of Heavy metal Concentration in Sediment between Different
Study
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Source: Study team, ROPME, 1998-2000, Mason and Moore, 1995, Reimann and Caritat, 1998
The Red dash line shows the average concentration in continental crust.

Figure 3.5.10 (1) Trace and Heavy Metal Concentration in Each Sampling Point
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Source: Study team, ROPME, 1998-2000, Mason and Moore, 1995, Reimann and Caritat, 1998

The Red dash line shows the average concentration in continental crust.

Figure 3.5.10 (2) Trace and Heavy Metal Concentration in Each Sampling Point

Source: Studyy team

Figure 3.5.11 Horizontal Distribution of Heavy Metal Concentration in Seawater.
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Source: Study team

Figure 3.5.12 (1) Horizontal Distribution of Heavy Metal Concentration in Sediment
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Source: Study team

Figure 3.5.12 (2) Horizontal Distribution of Heavy Metal Concentration in Sediment
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Source: Study team

Figure 3.5.12 (3) Horizontal Distribution of Heavy Metal Concentration in Sediment

In order to detect the pollution level in sediment in the study area (PETZONE) and to detect the
impact to benthic organisms, the concentrations of trace elements detected in this study are
compared with the Effects Range Low (ERL) and the Effects Range Medium (ERM) values by
NOAA Marine Sediment Quality Guideline and the Threshold Effect Level (TEL) and the
Probable Effect Level (PEL) by the Canadian Interim Marine Sediment Quality Guideline (ISQG,
CCME, 2002) (See Table 3.5.5). The Threshold Effect Level (TEL) is the level below which
adverse effects rarely occurs and the Probable Effect Level (PEL) is the level above which
adverse effects frequently occurs.

In this sampling period, the maximum and average concentration of As, Cr, Cu, Pb and Zn in
sediment do not exceed the sediment quality guidelines (ISQG/TEL) and pose no environmental
concerns. Cu concentration of sediments in two sampling points (MS-3 and MS-8) are close to
the ISQG/TEL.

Sediment quality guideline and TEL are not determined for Mn, but the concentration of Mn in
all of the sampling stations is lower than ERL.

The concentration of Hg in all the sediment samples is lower than PEL, while in four sampling
points (MS-1, MS-2, MS-3 and MS-4) are higher than ISQG/TEL.
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The concentrations of Ni and Cd in all sediments are higher than TEL and ERL. Moreover, Ni
concentrations in all of sampling stations are higher than ERM that can be harmful to benthic
organisms. Nickel has a high natural background in this mineral-rich region. A part of the high
level of Ni in the sediments could be the result of natural mineralization of ophiolitic rocks (De
Mora et al., 2004). High nickel concentrations in sediment samples and lower concentration
of Cr and Co in sediment indicate that there is another source for nickel in the study region.
Concentrations of cobalt in three sampling stations (MS-1, MS-3 and MS-8) are higher than
freshwater sediments (20 pg/g; Canadian Technical Report. 2004). Comparing the element
concentration in eight sampling stations demonstrate that relatively elevated concentrations of
some elements occurred in similar areas.

Maximum levels of Cd and MeHg are detected at the MS-1 sampling point, Al, Cr, Pb, Hg and
Ni at the MS-3 sampling point, and As, Fe, Cu and Pb at the MS-8 sampling point.

Maximum detected levels of Co (20.1ug/g) are observed in MS-1 and MS-8.

In this comparison, elevated levels do not indicate whether there are potential toxicological

concerns associated with these levels for Al, Fe, As, Cr, Cu, Hg, Pb and Zn.

Table 3.5.5 Comparison of Sediment Concentration between the Survey Result and the
Guideline Values by NOAA and ISQGs Marine Sediment Quality Guideline

Average Nearshore

in this
Elements study 1ISQG ERL ERM PEL muds
Al (mg/g) 8.10 84
As (ug/g) 1.69 7.24 8.2 70 41.6 5
Cd (ug/g) 1.63 0.7 1.2 9.6 4.2
Cr (ug/g) 27.31 52 81 370 160 60
Co (ug/g) 18.98 13
Cu (ug/g) 15.57 18.7 34 270 108 56
Fe (mg/qg) 14.93 65
Hg (ug/g) 0.39 0.13 0.7
Mn (ug/q) 327.20 460 1100 850
Ni (Lg/q) 63.45 < 20 21 52 >50 35
Pb (ug/q) 23.07 30.2 47 220 112 22
Zn (ug/g) 52.52 124 271 92

Source: NOAA Marine Sediment Quality Guideline
Canadian Interim Marine Sediment Quality Guideline (ISQG, CCME, 2002)
Note: * Average concentration of trace elements in near-shore muds (Martin and Whitfield 1983)
ERL.: Effects Range Low
ERM: Effects Range Medium
TEL: Threshold Effect Level
PEL: Probable Effect Level
SQG: Sediment Quality Guidelines (CCME, 2002)
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3.6  Surveyin September 2013

3.6.1 Survey Timing

Table 3.6.1 shows the timetable of the survey and Figure 3.6.1 shows the tide timing of the survey,

respectively.

Table 3.6.1 Time Table of the Survey (September, 2013)

Date Time | Site Note
Saturday, 21 September 2013 | 6to 11 | MS-1to MS-4 | Water sampling &

in- situ monitoring

Sunday, 22 September 2013 6to 12 [ MS-5 to MS-8

Source: Study team

Source: Tide table (http://www.iranhydrography.org/default.asp)

Red line shows the timing of the survey

Figure 3.6.1 Tide Timing at the Survey (September, 2013)
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3.6.2 Resultof the Survey

Summary of the survey results is shown in Table 3.6.2band raw data is stored in Annex A.

Table 3.6.2 Summary of the Survey Result
Survey date: Sep. 21-22, 2013

Sep
. Environmental
Category Parameter Unit standard (*1) Min Max Ave
Water temperature °C (*2) 29.8 31.3 30.2
Water quality | Salinity - (*3) 40.60 | 44.70 | 43.16
(Field Conductivity mS/cm 69.5 76.0 73.6
measurement) | - 6.5-9.0 844 | 861 | 852
DO mg/L > 3 (*4) 5.90 6.61 6.49
Turbidity NTU 31 176 100
Suspended solid mg/L (*5) 10 240 97
COD mg/L as 02 5 12 48 17
Water quality | TOC mg/L as C 1.9 3.8 2.5
(Analylsis: QOil contents mg/L (*6) <02 | <02 | <02
genera Coliform  bacteria | MPN
parameters) (*10) Index/100mi | 200 (*7) <2 n 232
Total nitrogen mg/L as N 0.4 (*8) 0.56 0.88 0.67
Total phosphorous mg/L as P 0.045 (*9) <0.2 <0.2 <0.2

Source: Study team
Note: Red letter means excess of the standard/criteria value

*1: Standard for Ambient Water in Persian Gulf and Oman Sea (draft), Class 6: Industrial zone or Port, DOE.

*2 Water temperature: £3 of natural temperature of receptive source

*3  Salinity: It should be no more than 10 percent of minimum natural salinity of the region.

*4 DO: 40% of Saturation

*5  Suspended Solid: Its increase should not be more than its daily, monthly, annual average considering standard
deviation.

*6 Oil contents: There should be no oil layer, foam visible on its surface.

*7 Coliform bacteria: Fecal coliform should be less than 100 CFU/100ml.

*8 Total nitrogen: The value of Nitrate-nitrogen is used in this table.

*9 Total phosphorous: The value of Phosphate-phosphorus is used in this table.

*10 Total coliform was analyzed in Apr., May, Jun. and Aug-1, while fecal coliform analyzed in Aug-2, Sep. and Oct.

3.6.3 Discussion

a) Field measurement

Horizontal distribution of the field measurement parameters (in-situ parameters) are shown in
Figure 3.3.2.
The water temperature ranges from 29.8 to 31.3 °C (average: 30.22 °C). The pH varies from

8.44 to 8.61 with an average value 8.53, which indicate that seawater is alkaline in nature. The
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